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Precis
The aim of this thesis is an examination of some 
problems in the handling of the capital stock in growth 
theory« The work has its origins in a suggestion made 
some years ago that the possible difference between 
annual replacement and annual depreciation would have 
some important effects on the use of estimates representing 
capital and theories of fluctuations and growth embodying 
a relation between capital and output*
The body of the work falls naturally into two main 
parts though the division is not readily apparent from the 
layout of the chapters* Statistical material on the 
United States is collected for the compilation of estimates 
of annual gross investment, annual depreciation and annual 
replacement investment* Some of these figures are used 
in building an estimate of the gross capital stock between 
1897 and 19^9• The data is then used for testing some 
propositions about the relation of annual replacement to 
annual gross investment and annual depreciation* A net 
capital stock estimate is not sufficient for an understanding 
of the role of capital*
The second main task is an investigation of the 
initial propositions about replacement and depreciation 
and the effects upon the measurement and interpretation of 
the capital stock* Various assumptions about the behaviour
of replacement and depreciation are introduced* In the 
last two chapters question of the meaning of replacement 
and the impact of technical progress are brought into
the discussion.
Preface
This thesis attempts to explain some of the problems 
in the statistical measurement and handling of capital 
stock estimates. We are led into a discussion of some 
aspects of replacement and technical progress. The reason 
for the inquiry is clear. With the proliferation of 
writings on growth theory in recent years and, in 
particular, the questioning of the role of capital, one 
is struck by the ease with which the concept is used and 
the statistical measures estimated. Although there are 
important concepts which defy quantification, this is not 
the case with capital; if anything the mass of conflicting 
material and the variety of results arouses suspicion. 
Admittedly there are handicaps in the way of a statistical 
presentation of any concept but an examination of the 
plethora of work on capital does suggest some gaps in the 
theoretical and empirical framework and the links between 
them.
As I have stated in the precis, the thesis has its 
origins in a suggestion made some years ago that, if the 
ratio of annual replacement to annual depreciation was not 
unity, some important effects would follow for estimates 
of the capital stock and theories of fluctuation and 
growth embodying a relation between capital and output.
The Introduction is a ‘review of the troops*• Various 
growth theories from Adam Smith onwards are discussed 
briefly* The main purpose of the review is to show the 
major role assigned to capital in most contributions to 
growth theory* In Chapter 1 the scope of the thesis is 
set out and some difficulties in the handling of estimates 
of the capital stock are discussed*
The sources and methods for building estimates of 
gross investment, depreciation, replacement and the gross 
capital stock in the United States between 1897 and 194-9 
are considered in Chapter 2 and Appendix A # Alternative 
capital stock series are examined* Problems in the use 
and interpretation of the data as well as summary tables 
are treated in Chapter 2* The detailed information about 
sources is shown in the appendix*
In Chapters 3 and 4 the initial propositions about 
the relationship between annual replacement and annual 
depreciation are tested along with certain other ratios* 
But the first task is to find the average life-span of the 
capital stock and Chapter 3 covers this point* Chapter 
4 shows that there is a substantial difference between 
annual replacement and annual depreciation but the margin 
is whittled down when price changes are included in the 
model*
Having established the significance of the ratio, we 
turn to a comparison of gross and net capital stock 
measures in Chapter 5* Once again the United States data 
is used and it is shown that the gross capital stock can 
provide an interpretation of events which is not apparent 
when the net estimates are used alone* At the same time 
the gross capital stock estimates are employed to illustrate 
the importance of disaggregation; the interpretation based 
upon the overall gross capital stock has to be revised in 
the light of attempts at sector analysis*
In Chapters 6 and 7 the relationship between annual 
replacement and annual depreciation is re-examined* The 
initial propositions were based upon restrictive assumptions 
about 'one-hoss shay1 investment and straight-line 
depreciation* The historical basis of depreciation policy 
and the very limited material on replacement is looked into* 
Then the assumptions about replacement and depreciation are 
relaxed and the ratios are again tested* The possibility 
of annual replacement and annual depreciation being the 
same is remote*
The last two chapters deal with problems associated 
with replacement and technical progress* The first - 
Chapter 8 - covers the impact of replacement in different 
guises on the gross capital stock, theoretical models of 
growth and fluctuations, and the relationship between the
meaning of replacement used in this model and the usual 
versions of the replacement criteria# Chapter 9 contains 
a discussion of the effect of technical progress upon 
some earlier conclusions. The Chapter is completed with 
an analysis of a recent attempt to use an aggregate 
production function in estimating the technical progress 
achieved in the United States•
I must gratefully acknowledge the help I have received 
from time to time from Professor T.W.Swan, Dr# I.F.Pearce 
and Dr# E.J.Hannan# They have, of course, no responsibility 
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made in the work. Nor can I overlook the National 
University for providing a generous scholarship and the 
pleasant surroundings in which to carry out my work.
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INTRODUCTION
I
What of the beginnings of the study of growth? It is
customary for stress to be placed upon the contributions of
Smith’s predecessors, as much as upon the work of that man
himself. And it is evident from the countless discussions
which h&ve flowered for so long on the matter that, when
viewed as an analytic achievement, the Wealth of Nations(1)
does not contain any particular new method. Furthermore, 
from the viewpoint of growth theory the mercantilists had 
attempted to relate the increase in national wealth to a 
favourable trade balance while the physiocrats thought 
they had found the source of wealth in agricultural production.
(1) Some authors should be mentioned.(I) J.A. Schumpeter
- History of Economic Analysis:Oxford University Press, New
York 195*+; especially Part II, Chapters 3, 4 and 7* (2) E. Roll
- History of Economic Thought; Faber and Faber, 3rd Edition,
London 195*+; Chapters 3 and 4. (3) E. Gide and C. Rist
- A History of Economic Doctrines; Harrap, London 1948; 2nd 
English Edition; translated by R. Richards and E.F. Row.
(4; Adam Smith - An Inquiry into the Nature and Causes of
the Wealth of Nations! edited by Edwin Cannan, Methuen and Co., 
London 5th Cannan Edition 1930> two volumes; Carman’s 
Introduction, pp.xii-lx. Cannan sums up the debate adequately 
when he says ”It would be useless to carry the inquiry into 
the origin of Adam Smith's views any further here.... Its 
composition (i.e. the Wealth of Nations) was spread over 
at least the twenty-seven years from 1?49 to 1776. During 
that period economic ideas crossed and recrossed the Channel 
many times, and it is as useless as it is invidious to 
dispute about the relative shares.... To go further and 
attempt to apportion the merit between different authors 
is like standing on some beach and discussing whether this 
or that particular wave had most to do with the rising tide.”
I:. <
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Nevertheless, Adam Smith achieved something more than
his predecessors* As Carman’s comments in the preceding
footnote suggest, by reflecting the changed thinking in the
middle of the eighteenth century and bringing together the
diverse analyses of the economists of his day, he brought
co-ordination and insight to bear upon a newly-developing
capitalism* But even more so can the origin of a general
schema of development be attributed to Smith when account
is taken of two particular accomplishments. In the first
place he developed the notion of income in place of the
older idea of the aggregation of treasure. It is true, of
course, that Smith did not always maintain this standard,
slipping back occasionally to the old form, and Cantillon
had suggested a concept of the annual product though he did
not succeed ih formulating the idea in a coherent fashion.
Then as a measure of wealth, Smith established the concept
of income per head in place of the older idea of treasure
in the aggregate. Secondly, there is the point, which has
as much political and social significance as it has economic,
about Smith’s doctrines providing the basis for capitalism.
’Natural order’, unfettered by government interference,(2)
would provide the maximum advantage for all.
(2) There is a frequent tendency to overstate the 'natural 
harmony* between the three economic classes or to present 
Smith as the apologist of the rising capitalist class. When 
discussing the point and referring to this group he says 
"The interest of this third order, therefore, has not the 
same connexion with the general interest of the society as 
that of the other two...their thoughts, however, are commonly 
exercised rather about the interest of their own particular 
branch of business, than about that of society...”. Ibid., 
Vol.I, Bk.I, Chapter XI, pp.249-50•
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There are two main divisions in his work, the first 
being concerned with prices and distribution and the second 
with that of accumulation and the expansion of production.
His treatment of these items in the first group need not 
detain us though one or two points should be noted. First, 
he has a complex notion of wage determination covering 
bargaining power, subsistence, the amount of profits and 
surplus capital, and a notion of the wages-fund theory. 
Secondly, he assumes initially that profit and rent are a 
deduction from the value of products, but this breaks down 
when he suggests that profit is the difference between 
product, net of rent, and wages. Finally, rent is treated 
mainly as a differential depending upon the price of products 
of the land. Hence it is determined by price.
The two chief sources of progress in the Smithian
model are the division of labour and capital accumulation.
Nevertheless, it is a matter of dispute as to which is the
more important: Schumpeter, holds that for Smith, the division
(3)of labour is almost wholly responsible for economic progress. 
This view would seem to be confirmed by Smith in his intro­
duction. In the section on capital, however, stress is laid 
on the role of capital when he says “It is by means of an 
additional capital only, that the undertaker of any work 
can either provide his workmen with better machinery, or 
make a more proper distribution of employment (i.e. division 
(^ ) J.A. Schumpeter, op.citä. p p.187-155»'
(4)
of labour) among them'1 .
The division of labour permits the development of skill 
and time-saving, owing to concentration on a single task, 
and the stimulation of technical progress. Nevertheless, 
the barrier to the extension of the division of labour is the 
size of the market. Transport is the main handicap so that 
technical progress, by helping to overcome this barrier, 
would stimulate the division of labour still further.
Capital accumulation influences progress by increasing 
the proportion of productive labourers. This distinction 
between productive and unproductive labour is essential to 
an understanding of his concept of accumulation. Productive 
labour is, variously, the addition "to the value of the 
materials which he works upon, that of his own maintenance, 
and of his master's profit", and that which "fixes and re­
alizes itself in some particular subject or vendible corn­
et)
modity". But it is the first definition which is the essent­
ial one for understanding his system of accumulation. Un­
productive labour does not add value to a product; the familiar 
examples are the menial servants, the men of letters, etc.
A momentary digression. Smith divides the annual
product into two main segments comprising the maintenance
of circulating capital which is that part of capital employed
in raising, manufacturing and selling goods and the revenue
ft) Adam Smith - Wealth of Nations; Voi.i.~Bk.2. Chanter III: 
p.325. The explanatory insertion in brackets is mi#e.
(5) Ibid., p313.
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from capital which is divided between profit and rent. Now
surplus value, i.e. profit and rent, determines the amount
of new capital available for increasing productive employment
for it is from profit that capitalists save and set aside for
additional productive employment. Thus saving becomes the
important issue for progress. “Parsimony, and not industry,
is the immediate cause of the increase of capital“, and a
high rate of profit the major requirement for rapid progress.
“The proportion between capital and revenue, therefore, seems
everywhere to regulate the proportion between industry and(6)
idleness“. The application of savings to productive employ­
ment increases the annual product and so permits a further 
amount of accumulation.
Briefly, this is the outline of Smith’s contribution.
In attempting a construction of a Smithian model the following
assumptions can be made: there is a constant capital/output
ratio for a given level of technique; employment is a function
of circulating capital and, implicitly, the proportion of
(7)
fixed to circulating capital is rising. Income and expendit­
ure are identities; all income other than profits is spent 
upon consumption while savings are invested immediately. 
Although there is no explicit statement upon the capital/output 
ratio over time, the digression upon the relative prices of 
T 6 ) Ibid., dp.119-20
(7) This assumption can be derived from the analysis of the 
different employments of capital (Bk.II, Chapter.V), and from 
the section on the relationship between increased capital 
and the use of machinery (see footnote §).
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primary and manufactured goods offers some assistance* Thus 
one finds the prices of manufactures fall relatively to primary 
products owing to the ease with which production can be in­
creased in the former case through rising labour productivity 
and technical progress. This suggests a constant or falling 
capital/output ratio. But these conditions are not true of 
primary production; the interpretation is not assisted by the
confusion about the proportion of total product accruing as(8)
rent. Without resolving the dilemma on rent the difficulty 
surrounding the progress of primary productionis circumvented 
by the assertion that population grows at the same rate as 
food supplies.
Within this crude framework manufacturing output grows
at a rate equal to or faster than capital, though employment
grows at a smaller rate. On the other hand, primary production
grows at a slower rate than manufacturing production and
population growth is geared to this variable. Thus, while
Smith speaks of advancing, stationary and declining states,
there is no suggestion in this case of the inevitable stationary
state since the pattern of development will depend upon the
differing rates of growth of the main aggregates. Furthermore,
given the general relation between increasing capital and the
rate of profit with a constant technique he does envisage high
(9)
wages leading to new methods of production. When speaking of
(8) At one time he suggests it will be a rising proportion (Bk.i, 
Chapter XI, p.246) while elsewhere he says it is a falling 
proportion of total output (Bk.II, Chapter III, p.316).
(9) Ibid.. Vol.I, Bk.I, Chapter VIII, p.85.
new trades raising profits he indicates that technical progress
influences a redistribution of the total product in favour (10)
of profits.
But this is as far as the Smithian model can be developed. 
Despite its failings the analysis provided an indication of 
the factors influencing the growth of the economy. As an 
analytic schema it was deficient owing to the failure to arrive 
at a formally consistent theoretical structure. Nonetheless, 
it provided the introduction for the first analysis which 
attempted to surmount this problem.
7
II
Before discussing the Ricardian Theory of Economic
Development some remarks are necessary about the contributions
made between the publication of Smith's Wealth of Nations and
the Ricardian theories of 1817. Smith had not developed any
theory of demand though he had, in embryo, a version of 'Say's
Law' which was to be the centre of the controversy between
Ricardo and Malthus; thus he says "What is annually saved is as
regularly consumed as what is annually spent,...but it is con-(11)
sumed by a different set of people". Dobb attributes the
upholding of Say's Law of Markets to the influence of James(12)
Mill rather than the originator J.3. Say.
(10) Ibid.. Vol.I. Bk.II. Chanter III, n.120.
(11) Ibid.. p.320.
(12) M. Dobb - Political Economy and Capitalism: George Routledge 
and Sons 1937? Chapter II, pp.40-2. Dobb says "While history
has endowed it with the name of Say, the enunciation of the 
principle probably owes as much, or even more, to James Mill". 
Schumpeter (oo.cit.. Part III, Chapter 6, pp.bl5-23)j goes
8
There were two other features which coloured Ricardo’s 
approach to theory. Malthus had enunciated his population 
theory in 1803 and this rapidly gained a widespread recognition. 
In place of Smith’s assumption of population change being 
dependent upon economic factors, i.e. food supplies, there is 
substituted the assumption of an unlimited labour supply. Then 
there is the almost simultaneous derivation by West and Malthus 
of the principle of diminishing returns. In the light of 
these developments it is readily understandable why the econom­
ists of the time regarded the slowness of capital accumulation 
as the real limit to economic progress.
Ricardo's theory of value is essential to an understanding 
of the entire theoretical structure. While fully aware of the 
absence of a commodity whose exchange value would serve as an 
invariant standard by which to measure the movement in exchange 
values of other commodities, Ricardo thought his labour theory
(12) -continued- further as he ascribes the misunderstanding 
of Say's meaning to a failure on the part of his interpreters 
to appreciate the meaning of his proposition. In anything 
more than a primitive economy the only method for everyone 
to acquire further commodities is to produce an equivalent for 
them so it follows that production not only increases the 
supply but demand also. Thus an overall balanced rise in pro­
duction differs from a changed output of a single industry.
There is, thereforet a difference between aggregates of demand 
and supply, which are not independent, and their application 
to particular industries.
The crude propositions of the classical economists, which 
reflected the individual product's demand and supply situation, 
become incongruous. But it was this latter interpretation 
they sought to substantiate.
However, Schumpeter's interpretation of Say’s Law is analogous 
to his Circular Flow of Economic Life - the model of a stable 
economy which he developed prior to introducing the factors 
making for economic development.
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of value could still function credibly. He introduced simplif­
ications; various kinds of labour were reduced to a common 
form and land was disregarded since rent was a residual not 
entering into costs of production.
The reconciliation with capital remained as the sole
bogey; the bulk of his main chapter was spent assimilating
it with his initial dogma that "every increase of the quantity
of labour must augment the value of that commodity on which it
(13)is exercised as every diminution must lower it". This ob­
jective is achieved by a circuitous simplification. He holds 
that gold production will serve as an approximate standard of 
value because it will be produced with the same capital and 
labour charges as the average of other sectors of industry. 
Therefore, when there is a change in the cost of labour gold 
prices will change as an indication of the change for all 
commodities so, other things being the same, relative values 
of commodities will remain as before. The main difficulty, 
which this simplification aims at surmounting, concerns the 
durability of capital because he could claim rightly that past 
labour in the form of investment can be incorporated into his 
theory as well as current labour. It should be borne in mind 
that Ricardo claimed his theorem was only a good approximation 
to the truth under conditions of perfect competition.
The value theory does help the solution of Ricardo's
(13) D.Ricardo - The Works and Correspondence of David Ricardo: 
Cambridge University Press and the Royal Economics Society, 
ten volumes, edited by Piero Sraffa and M.A. Dobb; Vol.I, "Ofl 
the Principles of Political Economy and Taxation" (1951)i Chapter I, p.lß. ’
critical problem - distribution - since he could show that 
wages can be increased only at the expense of profits*
Having excluded rent from his value analysis, Ricardo 
had to show its dependence upon natural differential advant­
ages. With differences in fertility and location, production 
costs vary whereas prices of agricultural products are determ­
ined by costs on the worst land. But it is the principle of 
diminishing returns which is the crux of rent determination 
for growth purposes. With a reduced productivity of each 
increment of capital and labour the effects of differential 
location and fertility are accentuated.
These propositions are fundamental. Ricardo from the 
outset accepts population growth as a datum so, with the 
difficulties of providing food for growing numbers there is a 
rise of rents and the share of total product accruing to land­
lords is increased. Yet accumulation depends upon profits - 
only the capitalists save - which are retarded by this process 
so limiting economic expansion. Therefore Ricardo sees the 
most progressive country as one where there is ample fertile 
land and no restraints upon imports. Some relief obtains, 
however, as the re-distribution problem associated with rent, 
can be offset by improvements in agriculture.
The contributions on wages and population have been de-
(14)
rived from Malthus. He has a subsistence theory overlaid
(l4) Ibid.. Chanter V, p.93. He writes: "The natural price of 
labour is that price which is necessary to enable the labourers 
one with another, to subsist and to perpetuate their race, with 
out either increase or diminution. The power of the labourer 
to support himself, and the family which may be necessary to
1 1
with a habit factor. Thus if wages remained above the sub­
sistence level then the supply of labour would expand and 
wages would fall. But it can be objected that the population 
response to higher wages would take a decade or more before 
it could be transmitted to the labour force. Surely sufficient 
time for habit to be adjusted to higher living standards.
But the relationship between capital and labour is basic 
to his analysis. Wages depend on circulating capital so when 
Ricardo speaks of the progress of wages and capital he is 
assuming the conditions developed in his value theory; that 
the proportions of circulating and fixed capital are the 
same in all industries. In addition Ricardo relates wages to 
the price of necessaries. With population growth and concom­
itant demands for food, the price of necessaries will tA rise; 
accepting the principle of diminishing returns to land, rents 
will rise and wages will remain the same in real terms, and 
this process will take place at the expense of profits. What 
is envisaged here is the redistribution of total output with 
a greater share going to the recipients of rent - the land­
lords - and the same or a smaller share to labour and a 
smaller share to profit earners.
One finds the explanation of profit changes in the
effects of the theory of rent. The suggestion that profits
(l1*) -continued- keep up the number of labourers, does not 
depend on the quantity of money which he may receive for 
wages, but on the quantity of food, necessaries and conven­
iences become essential to him from habit, which that money 
will purchase'1.
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have a natural tendency to fall owing to the simple argument 
of continuing capital accumulation pressing upon profitable 
outlets is rejected. The determinant of the matter is, once 
again, the theory of population growth because, if the labour 
force was not growing at the same rate as capital then profits 
would fall without bringing in any theory of rent. But 
Ricardo would hold that there could not be any permanent ex­
cess demand for labour. And it is worth noting that the 
discordant element of habit is conveniently dismissed.
The most controversial part of the Ricardian schema is 
the part dealing with technical progress. He commences his 
analysis by examining the relation between profit, which he 
calls net income, and output or gross income; he concludes 
that an increase in profit may not be accompanied by an in­
crease in output, so for his purposes the relative share of 
wages may fall. Now the argument pursued here is based upon 
an unchanged amount of total capital while the change occurs 
through transferring circulating to fixed capital. It will 
follow that "there will necessarily be a diminution in the 
demand for labour, population will become redundant, and the 
situation of the labouring classes will be that of distress
(15)
and poverty". Now, as far as it goes this pessimistic view
is the one associated with Ricardo. Yet Ricardo went on to
bring an air of reality saying "As, however, the power of
(15) Ibid.. Chapter XXXI.d p .i89-90. This result is axiomatic 
but does nothing to explain why the change took place. Further 
more it does not depend upon the gross/net income relationship
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saving from revenue to add to capital must depend on the 
efficiency of net revenue, to satisfy the wants of the capit­
alists, it could not fail to follow from the reduction in the 
price of commodities consequent on the introduction of mach­
inery, that with the same wants he would have increased means 
of saving, - increased facility of transferring revenue into 
capital. But with every increase of capital he would employ 
more labourers; and, therefore, a portion of the people thrown
out of work in the first instance would be subsequently em-(16)
ployed1’. Going further into the reasons for the substitution,
Ricardo writes that ’’The consequence of a rise of food will be
a rise of wages, and every rise of wages will have a tendency
to determine the saved capital in a greater proportion than
(17)
before in the employment of machinery”. In short, the 
degree of capital intensity is determined by the proportion 
of total output absorbed by rent and not necessarily the 
level of real wages.
The traditional summary of the Ricardian theory of growth
is pessimistic. Baumöl presents a graphical picture of the
Ricardian system which reflects this viewpoint and Roll also(18)
draws a pessimistic conclusion. The inexorable pressure 
of population growth leads to rising food prices as the less 
fertile land is utilized; consequently there is a redistribut­
ion of income in favour of the landlord. This can be relieved
( 1 6 ) Ibid., p.190.
(17) Ibid., p.395.
(18) W.J. Baumöl - Economic Dynamics: The Macmillan Company,
New York, 1951; Chapter II, pp.12-19 and E. Roll - A History 
of Economic Thought * Chapter IV, pp.184-7. ---------
only by cheap imports or agricultural improvements yet any 
such relief is only temporary as population grows in response 
to improved living standards* There is a rising capital/out­
put ratio and a rising ratio of fixed to circulating capital; 
therefore, capital accumulation must proceed faster than 
population growth if expansion is to continue. However, the
fall in profits limits the capacity for accumulation since
(19)
saving is a function of profit. The eventual outcome des­
pite technical progress and rising productivity is the 
emergence of the stationary state.
But the consistency of the model is not complete owing 
to the inadequate treatment of wage-population determination* 
Should the idea of population growth being affected by the 
habitual living standard be incorporated in the framework of 
the model, then the inevitable solution of the stationary 
state need not have followed. But this would have brought 
Ricardo back towards the Smithian position; in effect the 
habit factor is an aberration in the Ricardian system where 
a basic premise is the unlimited labour supply. And it is (20)
this aspect which dominates the development of his treatise.
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(19) Ricardo confuses the share of total output accruing to 
profits with the rate of profit; for example, see E. Roll, 
op.cit.. Chapter IV, p.191. Accordingly a rise in the share 
of profits may be accompanied by a falling rate of profit.
This inadequacy in the analysis does not hinder the frame­
work of the theory.
(20) As in the case of Adam Smith and Karl Marx it is not 
advisable to look too closely at every part of Ricardo’s work. 
While his promise of an unlimited labour supply is essential 
to his scheme of things, he had occasionally some radical 
qualifications. For example, one finds on the population- 
labour supply question (vol.I, Chapter V, pp.9^—5) - "Not-
Another aspect of his model calling for farther comment 
is the dichotomy between technical progress and capital 
accumulation; on the one hand technical progress stimulates 
profit while capital accumulation brings forth higher real 
wages. Nevertheless, this is a short-run phenomenon as the 
act of profit aggregation will enhance the capacity for 
accumulation. Yet an implicit assumption in the Ricardian 
system is the capital intensive nature of technical progress.
But if technical progress is capital-saving then the short-run 
effects upon real wages should be less retarding than otherwise.
Other features of the Ricardian model are pertinent to 
present-day discussions. The notable dispute between Maithus 
and Ricardo over the advocacy of ’Say’s Law’ provides an im­
portant stepping stone in the development of a growth model - 
the idea of demand having an impact upon investment, employment 
and output. Briefly, Malthus asserted that the assumption of 
a self-regulating capital accumulation was fallacious since 
the value of output is greater than the total wages paid so 
that output could not be absorbed by the productive labourers. 
For Malthus the body of unproductive consumers were the means 
of maintaining output. This reappraisal by Malthus emphasised 
the lack of a self-regulating mechanism in the economic system«,
(20) -continued- withstanding the tendency of wages to conform 
to their natural rate, their market rate may in an improving 
society, for an indefinite period be constantly above it; for 
no sooner may the impulse, which an increased capital gives to 
a new demand for labour be obeyed, than another increase of 
capital may produce the same effect”. Perhaps long-run theory 
reflects demand analysis after alii
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But significantly Ricardo realised that employment might be
affected by the consumption as well as capital accumulation
when he says '‘the situation of the labouring classes wrill also
be considerably improved...from the increased demand for menial(21)
servants“. In this respect Ricardo was close to stumbling
upon a concept of fluctuations.
Under the Ricardians mention should be made of John(22)
Stewart Mill. But while Mill's schema of growth follows 
the pattern developed by Ricardo his contributions have greater 
precision. A brief summary may suffice. If population in­
creases while capital and improvements remain stationary, wages 
will fall since the capitalist will be able to hire more labour 
for a given amount of capital, i.e. the wage fund, so that 
profits expand. But increasing numbers require additional 
food supplies and, with diminishing marginal returns to land, 
a redistribution of income in favour of the landowner will 
occur; in the extreme situation where food consumption per
(21) D. Ricardo - “On Principles of Political Economy and Tax- 
ation", Chapter XXXI, p.392. This chapter “On Machinery" was 
added to the third edition (1821), after the publication of 
Malthus' Principles in 1820. Roll - A History of Economic 
Thought: Chapter IV, pp.189-192 - questions Ricardo's whole­hearted advocacy of 'Say's Law'.
(22) The explanation for the inclusion of John Stewart Mill in 
this section can be stated briefly. On the one hand Schumpeter 
- History of Economic Analysis T pp.*+75 and 529 - and others 
believe Mill was not a Ricardian in any way. Associated with 
this view, albeit to a lesser degree, is the more common pract­
ice to place Mill in the so-called “transitional period" be­
tween the classical political economy and the “marginal utility" 
school. On the other hand we are concerned here with the form­
ation of theories of growth and it is in this field, at least, 
that Mill followed the outline presented by Ricardo. For this 
reason this section will be devoted to the newer developments 
incorporated in J.S. Mill's works.
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head remains the same the whole of the redistributed income 
will favour the landowner. In a similar fashion a rise of 
capital will bring increased wages and reduced profits while 
landowners’ incomes will be enhanced if their is any rise in 
food consumption. Improvements in agriculture reduce land- 
owners’ incomes and improvements in the production of articles 
entering into labourers’ consumption will reduce the cost of 
labour and raise profits. Various models can be developed but 
the growth process is fairly definite.
Mill’s broad conclusion is the inevitability of the stat­
ionary state. But unlike the Ricardian model this one has
certain peculiarities since it was not a condition in which
(23)all progress had ceased. But his concluding remarks show a
situation where at least population has ceased expanding.
While he states ”It is scarcely necessary to remark that a
stationary condition of capital and population implies no
stationary state of human improvement" he goes on to say "Even
the industrial arts might be as earnestly and as successfully
cultivated, with this sole difference, that instead of serving
no purpose but the increase of wealth, industrial improvements
w'ould produce their legitimate effect, that of abridging (24) 
labour•
(2^) For the contrary opinion see, for example, E. Roll - Hist­
ory of Economic Analysis; Chapter VIII, p.403$ and C, Gide and 
C, Rist - A History of Economic Doctrines; Book II, Chapter II, PP*377-8. Schumpeter in History of Economic Analysis, p.571> 
supports the view put forward in the text,(2H-) J.S, Mill - Principles of Political Economy; Longmans,
Green and Co,, London 1923 (new impression), edited by W.J, Ash­
ley, Book IV, Chapter VI, p,757,
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The wage-fund doctrine has been noted already but its 
associated theory of capital represents another major contrib­
ution* We will restrict our discussion to one of the “funda­
mental propositions respecting capital“• The fourth proposit­
ion - the demand for commodities is not demand for labour - is
(25)
open to a number of interpretations. Thus on the usual 
assumptions of equality of proportions between fixed and wage 
capital in all industries a demand for one commodity with 
another has no particular influence upon the level of wages. 
Secondly, this can be interpreted as suggesting that should 
a demand fop commodities expand in place of saving, i.e. in­
vestment, then less capital would be available as a wage-fund. 
In both cases these interpretations of a theorem respecting 
capital emphasize the importance of saving and the wage-fund 
upon output and employment. In this respect it is fundamental 
to the classical theory of growth.
Ill
The Marxian theoretical structure represents the last of 
the 19th century contributions towards a comprehensive theory 
of growth. However, one encounters difficulties in the in­
terpretation of Marx’s original meaning owing to the long 
gestation period during the production of the work; this task 
is not alleviated by the element of jobbing backward which is 
an ever-present danger when earlier contributions are examined
(25) See for example. J.A. Schumpeter - A History of Economic 
Analysis; pp.643-5, and M. Dobb - Political Economy and 
Capitalism: pp.^3-6.
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in the light of current theoretical viewpoints. On the first 
point we have, for example, the inconsistency in his treatment 
of price and value between the first and third volumes of 
Capital. On the second point, there have been the attempts to 
revise the theoretical structure in a new light. Mrs. Robin­
son’s analysis is perhaps the most interesting as it illust­
rates the^roblem of interpretation as well as the element of 
jobbing•
As Schumpeter has pointed out a real understanding of
Marx's economics should begin with recognizing the debt owed 
(27)
to Ricardo. As with the classical economists, the value 
theory formed the core of the system while the conflict in­
herent in the value theory of Smith and Ricardo - the adoption 
of a labour theory of value without explanation of the position 
of capital - formed the basis from which the structure was 
developed. Whereas Senior introduced a productivity theory 
of capital as an explanation of profit, Marx developed the 
theory of surplus value to account for the differences between 
total output and the remuneration paid to labour. The affinity 
with the classical school is further illustrated by the central 
role accorde accumulation and technical progress; one finds 
the Ricardian analysis of the effects of machinery extended
(26) J. Robinson - An Essay on Marxian Economics; Macmillan
& Co., London 19^7* Mrs Robinson attempts to provide a theory 
of effective demand, which it is certain Marx had never con­
templated, based upon some form of under-consumptionist theory 
which he had explicitly rejected.
(27) J.A. Schumpeter - Capitalism« Socialism and Democracy: 
George Allen & Unwin, 3rd edition, London 1950, Part I,
Chapter III, p.22.
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to form the basic determinant of his long-run theory of employ­
ment .
Despite Marx's rejection of 'Say's Law’ it is clear that
the distinction between saving and investing was not adopted
(28)
in the overall schema. Thus accumulation is as much a notion 
of saving as investment since a requirement of his analysis is 
that capitalists were driven by competition and technical pro­
gress to maintain a high level of investment; a process of 
'blind accumulation'. It follows then that a high rate of 
exploitation permits rapid accumulation. Nevertheless, the 
high rate of capital investment leads to rising wages and 
employment since the amount of capital determines the level 
of employment at any given time with a given state of tech­
nique, i.e. a stable relationship between constant and variable 
capital. But this reduces the surplus so there is recourse 
to new techniques which afford less employment for a given 
stock of capital. We have then a theory of employment based 
wholly upon 'technological unemployment'. Although this treat­
ment portrays wages fluctuating with the size of the 'reserve 
army of labour’ there was an assumption that in the long run 
real wages were constant} a repetition of the Ricardian sub­
sistence level analysis.
The concept of the rising organic composition of capital?
i.e. an increasing constant/variable capital ratio, follows
f pfU Karl Marx'- 'Capital; three volumes: Vol.lT~MÖore and ~ ~  
Aveling's translation, George Allen & Unwin, London 19^6, p.o6; 
Vol.II, Ernest Untermann's translation, Kerr & Co., Chigago 
1913; and Vol.III, Ernest Untermann's translation, Kerr & Co., 
Chicago 1909) pp.571-2.
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from the introduction of new techniques. Thus Marx held that 
there was a tendency for capital per man employed to rise 
though he realised that this feature did not necessarily hold. 
With the rate of exploitation (£) constant and a rising organic 
composition of capital (^ ) ^  follows axiomatically that the
qrate of profit is falling, C is constant capital, V is
variable capital and is the wage bill, and S, the surplus, 
comprises interest, rent and net profit.
This framework provides the basis for his theory of growth. 
The primary condition of change is reproduction which is the 
conversion of surplus value into capital. The extent of 
accumulation is determined by the amount of surplus value, 
the rate of exploitation, and the productivity of labour and, 
despite the possibilities of a clash between the capitalists’ 
consumption and saving, they are driven to invest by compet­
ition and technical progress. The progress of accumulation, 
however, reduces surplus value and the rates of exploitation 
and profit while technical progress is held to stimulate 
profits at the expense of real wages so permitting an increase 
of accumulation. This situation leads to the development of 
the Marxian theory of crises, which are an essential feature 
of the structure. But the crises theory does not stem solely 
from the falling rate of profits but also the distortions 
arising in different branches of production and the possibil­
ities of under-consumption. The crisis could not be transit­
ional in its effects, however, since it helps to shape the 
long-run trend of the economy. Yet crises could not stabilize
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the economy permanently since the problems of technical progress 
concentration and financial power would be revived. The 
succession of crises brings finally the breakdown of capitalism 
though the analysis of this feature is most obscure.
There are aspects of this schema calling for comment but 
none mope so than the tendency to a falling rate of profit 
since it occupies such a crucial position in the general design. 
When discussing the falling rate of profit Marx takes to the 
view that the rate of exploitation is constant but at the same 
time admits the importance of productivity in cheapening the 
real cost of commodities. In short, with a given rate of ex­
ploitation real wages must be rising whereas he holds that in 
the long run real wages are constant. Accordingly, real wages 
may have to rise if there is to be a fall in the rate of profit. 
One can overcome this difference by assuming that with constant 
real wages the rate of profitwwill fall if, as capital per man 
rises, the ratio of the increase of product to capital is less 
than the increase of profits to product. This suggests a fall 
in productivity as accumulation takes place; a reasonable 
assumption in the Marxian schema where wage capital is the 
only source of productivity (of capital) and the rising organic 
composition of capital indicates a falling proportion of this 
aggregate. But, for Marx, technical progress is an essential 
part of growth - the chief determinant of employment and 
productivity - so that there need be no tendency for the rate 
of profit to fall so long as the promise of constant real wages 
is upheld. The question of a falling rate of profit will then
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reflect, by and large, the rates at which technical progress 
and capital accumulation are progressing.
There are other aspects of the crisis theory not related 
to a long-run theory of capitalist development. If the concept 
of ’blind accumulation' is accepted then it follows that expect­
ations of profitability cannot be right. Therefore, because 
of either rising wages emanating from an increased demand for 
labour to man the new investments or the necessary failure of 
expectations, there will be a failure of some enterprises. But 
in this context a high rate of technical progress would be one 
method of offsetting the crisis, namely, by curtailment of the 
demand for labour.
But we are left with the concept of blind accumulation.
One writer has suggested "once they have grasped the implic­
ations of the doctrine of ’blind accumulation’ there is nothing
more to be learned from Marx about the nature of economic(29)development under capitalism". While this suggestion has 
some merit, particularly when considered in the light of 
present-day notions, it is unsatisfactory. Marx's perception 
in postulating the development of large-scale enterprises 
is a significant anticipation of monopoly problems; this is 
all the more interesting because of the realisation that in­
vestment as well as price and output can be affected. By 
stressing the relation between capital and employment he con-
(29) Henrv Smith - "Marx and the Trade Cycle". Review of 
Economic Studies. June 1937; p.204.
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tributed to the development of growth theory. Two points 
should be emphasized: first, the concentration upon technical 
progress and the changes it induces highlights its long-run 
importance whereas marginal productivity theory introduces 
technical change as a shift to a new equilibrium position. 
Secondly, while Marx ignores factor substitution, his analysis 
portrays realistically an industrial economy where the factor 
supply is not elastic.
IV
Running through the strands of thought upon growth and 
fluctuations since Marx, one finds a continual stress upon 
the paramount role of investment in the determination of in­
come levels. This is evident in the dilemma of the recent 
growth theories; the difficulty of maintaining a sufficient 
rate of investment for a full employment level of income while 
investment is continually expanding output capacity. Futther- 
more, when one examines the contributions of ’over-investment’ 
theorists such as Aftalion or Wicksell, the controversial 
distinction becomes blurred: Wicksell enunciated the problems 
of maintaining a high output owing to changes in the production 
of capital goods - an over-investment theory originating with 
Spicthoff - while the imperfections of the investment market 
might possibly hinder a fall of interest rates commensurate 
with a fall of profits. In this situation savings may be 
withheld from investment so producing a fall in incomes. 
Admittedly, the reliance upon the Say’s Law of Markets prevent-
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ed a clear appreciation of an underconsumptionist viewpoint 
but, nonetheless, it exists in his schema* Similarly, Aftalion 
stresses the insufficiency of demand with a rising output of 
consumer goods as the cause of a cyclical downturn* But the 
disturbance originates in the rapid expansion of capital goods 
production to meet a rising consumer demand* It is when this 
process has terminated in the rise of the capacity of consump­
tion goods industries that the distortion is created*
The emphasis upon the importance of investment as a part 
of a vigorous schema of growth can be traced from Marx through 
to current discussions* Mrs* Robinson has pointed out the 
connection between the Marxian analysis of simple and expanded 
reproduction, the work of Cassel, and the more recent studies 
by Harrod and Domarl*^ In all these systems there are two 
assumptions: a constant proportion of income is saved and 
added to the capital stock each year, and there is a constant 
capital/output ratio* With K = capital stock, Y = income, and 
I = investment, the two assumptions may be stated
(1) S = sY
(2) K = aY
(3) S = I
Hence we have
(4) I = a dY/dt (from K = aY)
(5) Y = I dY/dt
(30) Joan Robinson - "The Model of an Expanding Economy1*, 
Economic Journal* March 1952; pp 42-53*
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which has the solution
Y = Y e  — t o a
and therefore
I = sY0e I t
K = aY.e 1 t o a
We have then the conclusion that, if balanced growth is
to be achieved, income, investment and capital must
increase at a given rate per cent each year. The models
constructed by Marx, Cassel, Domar and Harrod fit this
generalized exponential model though there are variations
(3Dfrom one to the other. Although lacking precision, 
Cassel1s schema is based upon the classical precept of 
population g*owth so one finds a concentration upon the 
capital/output ratio and the role of savings as a 
balancing factor. One should recognize the division 
between this model and the general Marxian thesis where 
the falling rate of profit is the critical factor in the 
decline of capitalist development. Because of his dis­
tinction between wages and surplus Marx's model has 
additional variables indicating that wages and profits 
must grow at the same rate as income and investment.
(31) See Marx, op.cit., Vol.ll, Chapters 20 and 215 Cassel, 
Theory of Social Economy; translated by S.L. Barron; Ernest 
Beii-n, London 1932; Vol.l, Chapter 1, Section 6; Domar, * 
'Capital Expansion, Rate of Growth and Employment', 
Econometrica. I9V6, pp.l37-*+7, and 'Expansion and Employment', 
American Economic Review, 19^7, PP-3^-55; Harrod, 'An Essay 
in Dynamic Theory' Economic Journal. 1939, pp. 1^-33, and 
Towards a Dynamic Economics. Macmillan and Co., London 19^9•
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Harrod, distinguishing the maximum rate of growth and 
the possible rate of growth, suggests a chronic tendency 
to unemployment. Domar faces the same type of bias when 
considering the maintenance of a full employment level of 
investment.
Yet this model, despite a lengthy career in various 
lines of economic thought, cannot be upheld; even more so 
is this true if one admits the reality of income vacilla­
tions. Discussion on this topic has been long but a 
summary should be worthwhile. First, the evidence for an 
indefinite exponential growth is lacking and examples 
based on some capitalist economies are inadequate in as 
much as they represent only a part of the economic sphere. 
Secondly, should the economy be on an equilibrium path a 
chance disturbance may hinder continued progress in this 
way. Thirdly, on the assumption that future expectations 
are determined mainly by current conditions any random 
disturbance is likely to destroy this inertia. Finally, 
there is the suggestion that equilibrium rate of growth 
(Harrod's Warranted* rate) is the path about which the 
level of output fluctuates as it advances. Although the 
possibility of regular fluctuations - unique limit cycles - 
cannot be ignored this would not be consistent with the 
random disturbances mentioned previously and would make 
the inclusion of expectational elements even more difficult.
What i s  one l e f t  w ith ?  We a re  a l l  f a m i l ia r  w ith  
Sam uelson 's an a ly ses  of th e  in t e r a c t io n  o f th e  m u l t ip l ie r  
and the  a c c e le r a to r  o f f e r s  an e x p la n a tio n  of income 
changes depending upon th e  v a lu es a ss ig n ed  to  th e  p a ra ­
m e te rs , But h is  system  is  in ad eq u a te  as th e re  i s  no 
p ro v is io n  fo r  th e  growth of p ro d u c tiv e  c a p a c ity  w ith  the  
expansion  of in v e s tm e n t. Most r e c e n t  work has co n cen tra ted  
upon the  r e l a t i o n  between trend  and c y c le ; t h i s  i s  evidenced 
by th e  works of K a le ck i, Joan R obinson, Hicks and Goodwin,
n o t to  m ention numerous l e s s e r  c o n tr ib u t io n s  tow ards th i s  
(32)
them e. Yet th e  d i f f i c u l t i e s  o f e x p la n a tio n  a re  apparen t 
in  a l l  th e se  works: Goodwin adap ts  th e  Schum peterian
schema to  p rov ide  an e x p la n a tio n  of growth b u t ,  l i k e  H icks, 
g e ts  a tren d  by p u tt in g  in  a f a c to r  r e p re s e n tin g  a r i s in g  
le v e l  of f u l l  employment and p r o d u c t iv i ty .  H ick s , of 
co u rse , r e l i e s  upon th e  r i s e  in  autonomous in v e s tm e n t.
In s h o r t ,  th e  r e l a t i o n  between cy c le  and growth i s  ach ieved  
by in s e r t in g  in  th e  model a t r e n d , u s u a lly  e x p o n e n tia l, 
which i s  in s e r te d  on ly  fo r  th e  purpose of ach iev in g  a 
tre n d  r a t e  of g row th .
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C^2) M. K alecki -  Theory o f Economic Dynamics: George A llen  
& Unwin, London 195^ ( th i s  book is  a r e v is io n  o f h is  Essays 
in  the  Theory o f Economic F lu c tu a tio n s  and S tu d ie s  in  
Economic Dymanics); Joan R obinson, The R ate of I n te r e s t  
and Other E ssay s, M acmillan and Co. ,  London 1952; J .R . H ick s , 
A C o n trib u tio n  to  th e  Theory of th e  Trade C y c le , Oxford 
U n iv e rs ity  P ress (C larendon; 1950; R.M. Goodwin, 'A Model of 
C y c lic a l Growth' in  Recent Trends o f B usiness Cycle Theory, 
e d ite d  by E . Lundberg, M acmillan & C o ., London 195^>
pp. 2 0 3 -2 2 1 .
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One finds then that the problem of the relation of 
cycle and growth is unresolved. But Kaldor goes further: 
he shows the existence of fluctuations without considera­
tion of trend by using a multiplier and relating invest-
(33)ment to total capital and the level of output. A
major conclusion derived from this analysis is the
critical role played by the capacity of the capital goods
industries, a situation fully envisaged by Marx. But it
is as well to be aware of the inadequacy of the theories.
In the first place the multiplier-accelerator models,
such as those of Harrod, Domar, Hicks and Goodwin, have
(3*t)a basic hypothesis. The rate of increase of output
for maintaining full employment is greater than the rate
of growth of output that is possible at full employment.
Although this feature depends upon the values assigned
to the co-efficients, this illustrates a deficiency of
all model building - the adoption of fixed co-efficients
to describe the type of oscillation one is attempting to
analyze. But Lundberg, by stressing the variability of
the investment and savings co-efficient, had quite early
T 3 3 Kaldor -""The Relation of Economic Growth and 
Cyclical Fluctuations", Economic Journal 195*+; pp. 53-71* (34) R. M. Goodwin - "The Nonlinear Accelerator and the 
Persistence of Business Cycles", Econometrica 1951;
PP* 1-17*
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in the discussions recognized the difficulty of con-
(35)
structing aggregate models of expansion.
The alternative customarily presented to the 
rigidity of the growth models is the introduction of 
the stochastic variable. And the one we are most 
familiar with is the concept of innovation - the intro­
duction of revolutionary advances of technique. Now, 
this notion is not the preserve of Schumpeter though, 
with his ideas on growth influencing theoretical imagina­
tion in recent years, one tends to overlook the work of
(36)
Robertson and Wicksell amongst others. But, despite 
Hicks rejection of the stochastic hypothesis, the 
inadequacies of the theories based upon 1 capital 
adjustment* suggest that cognisance should be taken 
of some portions, at least, of this approach.
V
In the preceding sections the object has been to 
sketch very briefly the main ideas on the growth of 
economies which have been developed in the past. Through­
out all these discussions of theories of economic growth 
a recurrent theme is the role of capital or its increment,
735) E. Lundberg - Studies in the Theory of Economic 
Expansion; Kelley and Millman, New York1954; especially 
Chapter IX.
(36)D. H. Robertson - Industrial Fluctuations: London 
School of Economics and Political Science, Reprints of 
scarce works in political economy, No. 8, 19*+9 (P.S.
King & Sons, London 191?)•
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investment, in promoting the growth of output. Nevertheless,
it is clear from current controversies that the implications
(37)
of this concept have not been treated adequately. At the 
outset there are difficulties about the meaning which may be 
attached to this concept. Thus for some purposes, such as 
the valuation of businesses, the discussion will revolve 
around a concept which includes intangible assets. These 
intangibles may reflect the complexities of social institu­
tions, for example goodwill and trade marks, as well as the 
market price of shares and securities. In this sense capital 
is a financial concept.
But capital is also a factor of production; it is this 
idea which runs through the theories we have been examining.
In this case we are dealing with tangible assets. Land and 
other natural resources do not fall into this category since 
they appear as a datum rather than as part of the accumulated 
reproducible capital of the economy. Where capital represents 
the physical assets of an economy, the concept is a real one. 
In all these matters there is room for debate about the 
groupings of various items but .there is little doubt about 
the sort of distinction between the financial and real 
concepts of capital.
(37) We have the discussion about capital which has arisen, 
or at least been given impetus, by the publication of Joan 
Robinson1s The Accumulation of Capital (Macmillan, London 1956) .
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Having agreed that the main interest for the purposes 
of discussing economic growth lies in the real concept, one 
is confronted with the problem of measuring the aggregate.
The generally accepted concept of capital is the discounted 
value of future income but this offers no help in our case. 
There are a number of reasons for the rejection of this 
approach but one of the main ones is that there is a 
vicious circle in the reasoning which does not permit an 
independent calculation of the aggregate. A rate of profit 
or interest is assumed in determining the capitalized value 
of the income stream and this result is used in turn to 
find the rate of profit. Furthermore, this approach is 
open to all the vagaries of a fluctuating market as well 
as the imperfections. Therefore it is necessary to assess 
the cost of actual physical assets if we are to arrive at 
a valuation of the capital stock which will be useful.
There are two choices open to us. In the first place 
the cost of installing an asset can be estimated and then, 
by an appropriate price index, the various annual estimates 
can be adjusted to a constant price basis. From the 
estimates of annual gross investment based on these 
calculations it is possible to derive a series of figures 
representing the value of the capital stock. However, 
there are difficulties about the usefulness of any price 
index which leave something to be desired in the usefulness 
of capital estimates. This arises not only because of actual
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l i m i t a t i o n s  in  using  p r i c e  in d ic e s  but a l s o  because of
the  d i f f i c u l t i e s  of accounting f o r  the  changes of techn ique
which a f f e c t  comparisons of g ross  inves tm en t ,  l e t  a lone
c a p i t a l  s tock  over any per iod  of t im e .  The second approach
i s  one r e c e n t ly  sugges ted  by Barna in  t h a t  he a t tem pts  to
overcome the  index problem by making e s t im a te s  of the
(38)
replacement cos t  of the  e x i s t i n g  p h y s ic a l  a s s e t s .  So 
f a r  Barna has ap p l ied  h is  t e s t s  to  th e  manufacturing s e c to r  
of the  United Kingdom economy. The advantages which t h i s  
techn ique  has over the  prev ious  approach i s  t h a t  assumptions 
about the  average l i f e - s p a n  of each ca tegory  of a s s e t s  a re  
no t  n ec e s s a ry .  Furtherm ore ,  th e r e  i s  a problem about r e p l a c e ­
ment s in c e  a p ie c e  of equipment when worn out i s  not r e ­
p laced  by a s i m i l a r  one.
In a r r i v i n g  a t  a v a lu a t io n  of the  c a p i t a l  s to c k  Barna
adopts f i r e  in su rance  v a lu e s .  His argument i s  s im p le .  The
e x i s t e n c e  of a f i rm  may depend upon the  v a lu a t io n  p laced
upon i t s  a s s e t s  and i t  can be expected  t h a t  management w i l l
va lue  t h e i r  a s s e t s  on the  assumption t h a t  they wish to
remain in  b u s in e s s .  A d isadvan tage  of t h i s  approach i s
the  g lo b a l  n a tu re  of  these  in su ran ces  which do not  perm it
(3 8 ) T. Barna -  “The Replacement Cost of  Fixed Assets  i n  
B r i t i s h  Manufacturing Indus try  in  1955” > Jo u rn a l  of the  
Roval S t a t i s t i c a l  S o c i e t y . 1957 ( v o l .  120, P a r t  1, S e r ie s  A)« 
p p . 1-4SY-
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the breakdown into categories of assets in the same as the 
first approach. Furthermore, it has been applied in the man­
ufacturing sector only and greater problems could arise in 
other sectors if the object was to get an estimate of the 
total capital stock of the economy.
One solution to our problem of choosing between the two 
approaches would be to test an estimate of the capital stock 
using first one method and then the other. In a limited sphere
this has already been tried but the test could not be consider- 
(39)ed conclusive. In the analysis contained in this thesis the 
testing of some theoretical concepts is based upon the “perpet- 
ual inventory11 approach. At the moment it is the only tech­
nique available to us.
We can now return to the relation between the work which
follows and the various theories about the growth of economies.
Essentially we are dealing with relations between the capital
stock on the one hand and the output of the economy on the
other. But there is no reason to believe that the notions
reflected in these various theories are reflected in the
(39) In his article Barna makes comparisons with the work of 
Redfern - uNet Investment in Fixed Assets in the United King­
dom, 1938-1953"5 Journal of the Roval Statistical Society.
1955 (Vol. 118, Part 2, Series A)• pp.141-192- who uses the 
“perpetual inventory” approach, i.e. the first method listed. 
Barna shows the wide margins between the two results. While 
this tends to throw light on the deficiencies of the “perpetual 
inventory“ estimates it is clear that there are certain weak­
nesses in Redfern’s use of this method. A more useful compar­
ison would be the comparison of Goldsmith’s voluminous material 
on the United States with estimates based upon fire insurance 
values for the country.
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empirical data which is used to test the models or in the 
various models which are put forward as representing the 
relations between capital and output*
Chapter 1
Alternative Statistical Concepts for Measuring
36
the Capital Stock*
I
In the literature on theories of growth and fluctuat­
ions the problem of the relation between investment and 
the expansion of the productive capacity of the economy has 
been at the centre of discussions; the accelerator in one of 
its versions or the capital coefficient forms the basis of 
most recent theories!1  ^Apart from the work of Schumpeter, 
we find a wide acceptance of a fixed relation between invest­
ment and capacity* Indeed the review of past contributions 
on this topic set out in the Introduction brings out the 
long-run significance for growth of this relation* Yet there 
is a basic assumption running through most of these theories 
which has not been fully investigated. It is the identific­
ation of net(of depreciation) investment with productive 
capacity; this says, in effect, that annual depreciation is 
an accurate measure of the deterioration in the physical 
capacity of the capital stock in any one year. Unless one 
can show that such capacity declines, pari passu, with the 
accumulation of depreciation allowances, no real equality 
can be said to exist between annual investment, net of depre­
ciation, and annual investment, net of replacement. If the
(1) R.C.O.Matthews - ^Capital Stock Adjustment Theories of 
the Trade Cycle and the Problems of Policy11, Post-Kevnes lan 
mics: edited by K.K.Kurihara; Allen & Unwin, London
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point is not accepted, the difference between depreciation 
and replacement has to be accepted.
This difficulty was recognised by Keynes though he looked 
upon the matter as an unnecessary digression from the main 
tasks of understanding the problems of depression. He says 
”In other words, the larger the financial provision which it 
is thought necessary to make before reckoning net investment, 
the less favourable to consumption, and therefore to employment, 
will a given level of investment prove to be. When the whole 
of this financial provision (or supplementary cost) is in fact 
currently expended in the upkeep of the already existing capi­
tal equipment this point is not likely to be overlooked. But 
when the financial provision exceeds the actual expenditure 
on current upkeep, the practical results of this in its effect 
on employment are not always appreciated”; he goes on to say 
’’But such factors may be serious in a non-static economy,
esoecially during a period which immediately succeeds a lively(2)
burst of investment in long-lived capital”. Keynes goes so 
far as to mention some of the handicaps in using a net (of 
depreciation) measure of investment but in the end he says(3)such discussion is ”to some extent, a digression”.
In an article published some years ago Domar attempted
and annual replacementto test the relationship between annual depreciation/in order 
to see what modifications might be necessary in growth
(2) J.M. Keynes - The General Theory of Employment. Interest 
and Money: Macmillan, London 1936; Chapter 8, section IV,
pp.98-100.(3) Ibid., p.104.
theory, In so doing he introduced an additional important
factor into these models - the length of life of assets. Our 
main interest in his article lies in analysing the different 
measures of the capital stock and testing the discrepancy 
between annual depreciation and annual replacement. New 
estimates of the capital stock are needed if we are to test 
for this discrepancy. But it is hoped to look into other 
matters impinging upon growth theories; an example is the 
serious debate about the changing structure of the capital 
coefficient. Goodwin has the assumption that there is a 
rise in the parameter as innovations take place whereas 
Harrod holds that there is little change with timel^ The 
controversy is all the more difficult to resolve for a variety 
of reasons not the least of which is the meaningful 
interpretation of time series spanning periods of depression 
and boom when an economy*s productive capacity may be 
running at levels below or above *normal*. Furthermore it 
would be unsatisfactory to overlook the obvious difficulties 
associated with the accelerator as the concept does imply 
a perfect technical adjustment of investment to changes 
in output.
(4) E.D.Domar - ‘^ Depreciation, Replacement and Growth**, 
Economic Journal. March 1953; pp 1 - 32. An article based upon 
similar assumptions to Domar*s paper was prepared by Robert 
Eisner - ’’Depreciation Allowances, Replacement Requirements 
and Growth”, American Economic Review, 1952; PP 320-831.
(5) R.M.Goodwin - ”A Model of Cyclical Growth”, The Business 
Cycle in the Post-war World; edited by E.Lundberg; Macmillan, 
London 1955, PP 203-221: ana R2F.Harrod - Towards a Dynamic 
Economics: Macmillan, London 1949; especially Lecture Three - 
’^ Fundamental Dynamic Theorems”, pp 63-100.
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Domar’s general model illustrating the dichotomy between 
annual depreciation and annual replacement is based upon a 
number of assumptions which may be briefly recapitulated.
1. Each capital asset has a definite life-span and is retired 
at the end of this period; output remains constant over 
the life of the asset - this is the ’one-hoss shay* assump­
tion.
2. Depreciation is calculated on a ’straight-line1 or ’linear’ 
basis from the original historic cost of the asset. There 
is no scrap value.
3. There is an average length of life of assets which may be 
computed through a system of weighting but for all prac­
tical purposes one can assume that there is only one 
length of life for all assets.
b. Gross investment is growing at a cumulative annual rate 
and this is the propelling force of the system. If the 
economy was static there would not be any problem of 
reconciling replacement and depreciation as the annual 
estimates would always be the same; the depreciation 
allowances would be exactly offset by replacement ex­
penditures on those assets reaching the end of their lives,
5. A complicating feature is the size of the capital stock 
existing at the beginning of the period covered in the 
model. In his work Domar assumes that the initial stock 
of capital is zero. Therefore in an initial period, 
equal to the average length of life of assets, the capital
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stock (net of replacement) will be growing at a rate de­
termined by the annual gross investment. Until the expiry 
of this period no replacement will be taking place.
Domar recognises the simplifications incorporated in 
this model. A steady rate of growth is not easily found in 
a capitalist economy while the 1one-hoss shay’ type of in­
vestment - all replacement takes place at retirement - repre­
sents a very great simplification of the replacement problem. 
Nevertheless ye can gain an appreciation of the relative 
merits of gross (of depreciation) and net (of depreciation) 
capital stock estimates. One can see the differences in 
treatment accorded by Keynes and Domar. The former looked 
upon the divergence between annual depreciation and annual 
replacement as a feature of depression. The latter thinks 
of it as an essential part of an expanding economy.
Domar uses this general model to show up a number of 
points. In the first two sections of his article the argument 
turns on the relation between replacement, depreciation and 
gross investment. On the basis of the assumptions listed 
earlier, annual replacement is found to fall short of annual 
depreciation, when measured in constant prices, and cannot 
be identified with it. This follows quite simply from the 
definitions of the model. Throughout the initial period 
which is the equivalent of the average life-span of assets, 
the annual depreciation charges will be a growing percentage 
of annual gross investment but as soon as this period has
e x p i r e d ,  a f i n a l  r a t i o  of annual d e p re c ia t io n  to  annual g ross  
investm en t w i l l  be determ ined. Using d isco n tin u o u s  fu n c t io n s ,  
one can i l l u s t r a t e  t h i s  p o in t .  In  Table 1 .1  an example i l l u s ­
t r a t i n g  t h i s  p o in t  i s  based on an average l i f e - s p a n  of a s s e t s  
o f  f iv e  y ea rs  and the  r a t e  of growth of g ross  investm ent i s  
100 per  c e n t .  Throughout the  i n i t i a l  p e r io d  the  r a t i o  r i s e s  
Table 1 .1  -  The R a tio  of Annual D ep rec ia tio n  to  Annual
Gross Investm ent
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Year Annual Gross 
Investm ent
( 1 )
Annual
D ep rec ia tio n
Charge
(2 )
Cumulative
Annual
D ep rec ia tio n
( 3)
R a tio
(C0I . 3+C0I . I )
(4 )
1 . 100 20 20 .2000
2 . 200 40 60 .3000
3 . 400 80 140 .3500
4-. 800 160 300 • 3750
5 - 1600 320 620 .3875
6 • 3200 640 1240 • 3875
7 . 6400 1280 2480 • 3875
Note: As the  assumed l i f e - s p a n  of a s s e t s  i s  f iv e  years  the  
e s t im a te s  shown in  Column 3 a re  d er ived  by tak ing  the  
f ig u re s  in  Column 2 fo r  the  same and the fou r  p reced ing  
y e a r s .
r a p id ly  though a t  a sh a rp ly  d e c l in in g  r a te  of in c re a s e ,  U n t i l  
rep lacem ent commences, i . e .  a f t e r  the  f i f t h  yea r  in  Table 1 .1  
the r a t i o  i s  w eighted by the low amounts of d e p re c ia t io n  s e t  
as ide  during  the opening phases of c a p i t a l  accum ula tion . The 
e f f e c t s  a re  le sse n e d  p ro g re s s iv e ly  as the d e p re c ia t io n  c r e d i te d  
in  the  beginning g e ts  sm a lle r  in  r e l a t i o n  to  t o t a l  annual
depreciation but it is not until replacement commences that 
a constant ratio between the two aggregates is achieved.
Until the initial period expires assets will not be 
replaced. Strictly this handicap remains for a period equal 
to the life-span of the longest-lived asset. Therefore when 
testing models of the relation between depreciation and re­
placement, a major doubt is whether the initial period has 
expired prior to the commencement of a time series.
While the example shown in Table 1.1 is based upon dis­
continuous functions, the main system of equations is presented 
in the continuous form. Let m be the average life-span of 
assets, r the cumulative rate of growth of gross investment,
G is annual gross investment, K is the gross(of depreciation) 
capital stock, D is annual depreciation and R is annual 
replacement. With a cumulative rate of growth we have
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(1) G = ert
(2) R = Gt-m = er(t-m)
(3) K = (Gdt
t-ni
= er t (l - e“rm) 
r
(4) D = K : = ert(l - e-r m )
m rm
With gross investment of, say, 1 some m years previously, the 
capital stock at t will be greater than the product of m and 
1 so that annual depreciation will be greater than 1. On the 
other hand annual replacement at t will be 1. It follovrs that 
the annual depreciation allowances will be larger than annual
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replacement expenditure at t and in subsequent years. We get
the following expression for this relation
(5) R - rm____
D eril! - 1
This holds only in the case of constant prices. When the 
changes in price are introduced into the model the 
relationship shown in equation (5) is disturbed as the cost 
of replacing assets may exceed the original expenditure. The 
effect is obvious. The amount of investment, net of replacement, 
financed from depreciation allowances will be reduced or, to 
put it another way, the proportion of annual depreciation 
going to finance replacement will increase. One feature of 
relaxing the assumption of constant prices is that the higher 
the real rate of growth and the longer-lived are the assets, 
the greater must be the price rise before the difference 
between annual replacement and annual depreciation is elimin­
ated.
In the light of these findings Domar carries on the 
argument by examining the impact upon existing growth theories. 
By building a number of models illustrating the effects of 
allowing for the difference between annual replacement and 
annual depreciation, Domar shows the importance of the average 
life-span of assets as it affects the real rate of growth of 
output. The two main features of these models are the adopt­
ion of a gross capital coefficient relating the change in 
gross output to investment net of replacement, i.e. the change
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in the capital stock, and the use of alternative savings 
functions. One propensity to save is simply a proportion of 
the gross output while the other has two components - the 
depreciation charge and net savings expressed as a fraction 
of the net national product. Although these models are 
interesting the important part of his article is the differ­
ence between annual replacement and annual depreciation5 they 
need not detain the main part of the work though some refer­
ences will be made later in the work.
II
In the preceding section the starting point of the thesis 
has been described. But before we go on to test and examine 
the general proposition about the difference between replace­
ment and depreciation some attention has to be given to the 
problems of measuring the capital stock. Throughout much of 
the theory of economic growth we assume, often explicitly, 
that capital is the measure of productive capacity. Now the 
notion of the net (of depreciation) capital stock being such 
a measure has been questioned. Nevertheless a problem still 
remains about the interpretation of those series purporting 
to be a statistical measure of the capital stock. It has been 
suggested that the gross estimate of the capital stock is a 
more acceptable measure than the net estimate. However a 
different issue arises on the question whether annual gross 
investment less replacement records accurately changes in 
productive capacity.
45
In much of the discussions about the measurement of the 
capital stock there is a lack of clarity surrounding the 
meaning of the actual compilations* Theoretical models assume 
that there is a way of ‘keeping capital intact* as the original 
cost of the asset is written off either by depreciation or 
obsolescence allowances over the life of the asset. But the 
introduction of technical progress, as a factor affecting the 
cost of producing capital goods as well as the output of these 
goods complicated the measuring of the stock of capital so 
long as the notion of 'keeping capital intact' is persisted 
with. As this notion has been conceived in terms of main­
taining a constant volume of production, bringing into the 
argument the concept of technical progress may upset the 
supposed identity of capital formation with capital consumption 
over the life of an asset. In other words the accumulated 
depreciation allowances may not be utilised fully in replacing 
the original asset.
The method of measuring the capital stock used throughout 
in the compilations for this work is to value the aggregate 
in terms of prices of a given base period. These series show 
the cost of producing the existing stock of capital goods in 
base period prices. Yet it should be noted that this approach 
takes care of only part of the difficulties associated with 
the measurement of the capital stock under conditions where 
technical progress is taking place. Should technical progress 
lead to a change in the real cost of producing capital assets,
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this will be reflected in the price series which are used 
to deflate the capital stock valued at current prices. It 
is only in the case of design improvements in a piece of 
capital equipment permitting a greater output while the*real’ 
cost in terms of labour and so on are the same as before that 
this technique of measuring the capital stock fails to bring 
out the increase in the productivity of capital. For example, 
the same machine produced in year 1 may have an output of 20 
units whereas an improved design of the same machine made in 
year 2 may have an output of 30 units• As these machines 
are made at the same real cost they will appear to be of 
equal value in the capital stock.
In a recent paper such problems were reviewed and suggest-(6)
ions made about the interpretation of them. The writer,
E.F. Denison, is concerned with the interpretation of actual
statistical series and, therefore, deals with two main points;
the matter of design improvements already referred to and the
allocation of capital consumption. He discusses three ways
of measuring the capital stock but the two important ones
reflect the divergence suggested in the preceding paragraph.
His Method 1 is the common one used in all statistical series
- a valuation of the capital stock showing the amount it
would have cost to produce this stock in prices ruling in the
(6) E.F. Denison - "Theoretical Aspects of Quality Change, 
Capital Consumption, and Net Capital Formation", Problems of 
Capital Formation: Studies in Income and Wealth, Volume Nine­
teen; National Bureau of Economic Research, Princeton 1957; 
pp.215-284.
base year. His Method 3 is based upon the assumption that, 
for a change in the total output to have taken place, there 
must have been a change in one of the inputs. It comes down 
to the distinction between an accounting for changes in the 
design improvement of machines - Method 3 - or, as in Method 1, 
the ignoring of this aspect of measuring capital. Denison 
suras up the point by saying that Method 3 "differs from that 
under Method 1 precisely and only in that quality changes in 
capital are considered within the capital formation measure
(7)
rather than in the other conditions considered as constant’1.
The effect of the distinction is to show up the fact that the 
notion of ’keeping capital intact’ is not met fully in the 
usual ststistical analysis if technical progress is thought 
to be part of capital formation. His argument rests on this 
point; ’’cost of production of capital goods rather than their 
ability to contribute to production becomes the denominator (8)
enabling the values of different capital goods to be compared. 
The cost of production basis of measurement lies behind most 
of the statistical work on investment so this clarification 
does not lead to any fundamental changes in this field. How­
ever, it does bear heavily upon the application of statistical 
series to theoretical models having a capital concept based 
upon ’keeping capital intact'.
This leads to Denison's second point - the allocation of 
capital consumption. In defining capital consumption Denison
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(7) Ibid., p.231(8) Ibid., p.234
48
excludes obsolescence as he wishes it to reflect only the 
physical using up of the value of services in a capital 
asset* He thinks therefore of capital consumption simply 
as depreciation* He objects to incorporating obsolescence 
in the depreciation charge under the actual system of 
measuring capital stock at present in use, i*e* Method 1, 
because its deduction would shrink the capital stock solely 
as a result of the invention and introduction of new machine 
though it might not be in general use* It is implied that 
this is against the basic principle of measuring changes in 
the productivity of capital only when actual changes occur 
in total output or the capital stock* Under Denisonfs system 
the obsolescence would be charged off against output when 
the asset was retired*
The basis of the argument is valid* The inclusion of 
allowances for the actual and prospective introduction of 
new machines does represent an adjustment for quality 
change* Again in this way the relation between capital and 
capacity is broken* Nevertheless Denison*s argument on this 
issue can be questioned on two points* In the first place 
it would be necessary to distinguish not only between 
depreciation and obsolescence but also that part of depreciation 
which reflects current deterioration rather than the 
reduction in the remaining life of the asset. For the plain 
fact is that an estimate of such deterioration is based upon
a comparison of the ability of existing capital goods and 
new ones to contribute to production. Secondly, a more com­
pelling reason for disregarding his comments about capital 
consumption is the lack of data about both depreciation and 
obsolescence. As we have noted cost of production rather 
than ’keeping capital intact* is the basis of measuring 
capital. He goes on to say 1 It seems idle to indicate why 
in the real world a direct measurement of capital formation 
following Method 3 is not practical.”^) Speaking of measuring 
capital consumption he says ’’its measurement encounters 
difficulties and ambiguities similar to those faced in 
adjusting gross capital formation for quality change” If 
it is good enough in one case to reject a measure because of 
impracticability then it should also be true for another in 
the same circumstances.
Denison’s concern with capital formation stems from 
his argument that a closer relationship would be expected 
between output and depreciation than output and the capital 
stock. However, he realises the handicaps to measuring 
depreciation but thinks the identity ofcapital formation with 
capital consumption provides the basis of estimation; the 
trouble arises over the allocation of depreciation over the 
life of the asset. On the basis of experience of a sharp
49
(9) Ibid., p 231.
(10) Ibid.. p 2b0
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decline in the capital values of assets in the early years 
of life - itself a doubtful piece of evidence - it is argued 
that this is an indication of a sharp fall in the remaining 
services to be extracted from a capital asset* Such evidence 
is advanced as a reason for rapid write-offs in the early 
years of the life of assets*
Yet these suggestions about the measurement of 
depreciation can be questioned. First, the identity between 
capital formation and consumption does not help very much 
as all the information we have is the dates of introduction 
and retirement. Secondly, the experience to which he appeals, 
that is the evidence of a decline in capital values, reflects 
not only the using up of physical services(and an allowance 
for obsolescence?) but also the changes in market demands 
and the impact of new techniques and products upon existing 
ass ets - not to mention questions of market imperfections 
for the sale of capital goods*
For these reasons the scope for measuring changes in 
productive capacity through estimates of depreciation and 
net capital formation are small. Furthermore, there is no 
reason for believing that annual depreciation allowances as 
defined by Denison would be the same as annual replacement 
spending. This is the case whether or not we assume a 
constant state of the arts. The gross measure of the capital 
stock seems to provide a useful method of assessing the
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relationship between capital and output in our inquiries.
Ill
In this chapter which attempts to set out the scope of 
the work in this thesis and examines some of the problems of 
handling capital estimates, there are two main points. In 
the first instance we have the disparity between annual 
replacement and annual depreciation in a growing economy. 
Secondly, there is the question of the relationship betweai 
a change in productive capacity and a change in capital. The 
first point suggests that the gross capital stock is a better 
measure of capacity than the net aggregate though this 
depends upon the nature of the assumptions about replacement. 
If the 'one-hoss shay1 assumption is an accurate reflection 
of the output of an ass et over its service life then the 
gross measure will be correct but should replacement take 
some other form, the right answer will lie somewhere between 
the gross and net measures. However, technical progress 
causes a blurring of this sharp distinction between gross 
and net aggregates. In those cases of design improvements 
in capital equipment without real changes in the cost of 
assets as a compensation, the cost of production estimates 
of the capital stock may be an over-estimate of the required 
gross investment less replacement to achieve an increase in 
output•
In subsequent chapters the first task is the collection
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of data to test the original ideas put forward by Professor 
Domar. Having done this in the next chapter we can then 
turn to interpreting this data* In subsequent sections of the 
work theoretical problems associated with the hypotheses 
will be investigated.
Chapter 2 53
Annual Estimates of Cross Investment, Replacement, 
Depreciation and the Gross Capital Stock.
I
The general model developed by Domar attempts to show 
the disparities between annual replacement and annual depre­
ciation, Yet, in order to test this proposition, it is 
necessary to have data for a sufficiently long period to 
avoid the influence of any short run fluctuation. Moreover, 
when computing the life of assets, one requires information 
on the main items in the annual estimates of gross investment; 
if this is not available nothing more meaningful can be said 
about the average life of assets (m) than the simplified 
case that annual depreciation is equal to 1/mth of the gross 
capital stock - this assertion in itself reflects most re­
strictive assumptions about depreciation. Despite the work 
of many people during the past two decades or more, the recent 
volumes incorporating the results of Goldsmith's investigations 
into savings in the United States permit a more searching
examination of the age composition of assets than would other-(1)
wise have been possible. Not only does he present data for
the period from 1897 to 19^9 but also he makes it possible
(1) R,W, Goldsmith - A Study of Saving in the United States: 
three volumes, Princeton University Press, N.J., Volume I 1955) 
Volume II 1955) and Volume III 1956; Volume I contains the 
introduction and the annual estimates from 1897 to 1949 for 
all series used in the aggregates, Volume II treats the nature 
and derivation of these estimates, and Volume III contains 
some special studies by R,W, Goldsmith, Dorothy S, Brady and 
Horst Mendershausen.
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to get expenditure estimates for all the main items in gross 
investment.
Although Goldsmith is concerned primarily with studying 
the methods and relative size of savings in the United States, 
his approach to this task is such that one can readily derive 
estimates of gross investment and depreciation. However, it 
should be pointed out that, in this work, the estimates have 
been put to a different use from that envisaged by Goldsmith. 
Goldsmith's definition of saving is a net increase in tangible 
assets; thus various estimates of gross investment and annual 
depreciation are used for the development of a series of 
estimates showing national assets and wealth on a net of 
depreciation basis.. In the estimates used in this work the 
main concern rests with the investment aggregate alone as the 
main problem is the building up of estimates of gross invest­
ment going back, in some cases, to as early as the 1030’s; 
the main series begins in 1897 but, for purposes of calculat­
ing annual replacement and annual depreciation, gross invest­
ment has to be estimated prior to 1897 for a period determined 
by the assumed length of life of each category of assets.
In estimating the period to be covered one has to offset the 
possible errors stemming from the use of data for very early
years with the handicaps following from the use of a series(2)
which may be influenced by short run fluctuations.
(2) One reason for taking the longer series from 1897 to 19*+9, 
i.e. the whole period treated by Goldsmith, is that he provides 
most of the earlier figures when making his calculations of depreciation. There is no real handicaps to the building of
55
What do we mean when we talk of gross investment?
Although Goldsmith's basic definition revolves around changes 
in tangible assets, a good case can be made for defining 
gross investment as the diversion of part of the current flow 
of resources to uses which will maintain and increase this 
flow in the future. Unfortunately it is the former definit­
ion suggested by Goldsmith which lends itself to statistical 
measurement. The latter definition encounters a number of 
difficulties which may be summarised briefly: first, educat­
ion and research expenditures, if not a large part of medical 
expenditure, go towards increasing the volume of output in 
the future; secondly, a proportion of expenditure on con­
struction could be excluded as it does not go so much to 
providing shelter as to personal display. In fact this 
definition stresses the 'productive' rather than the 'social' 
aspect of investment. In this work the reasons for the 
procedure adopted will be set out with the proviso that, in 
the final analysis, there is a significant element of personal 
judgement. And in making these estimates we are guided by 
the one major source of information, namely Goldsmith's data 
on savings.
Goldsmith makes three broad classifications of saving
which hold equally well for analysing investment; at least
we have a starting point for discussion. He lists them in
(2) -continued- estimates of gross investment in these early 
years. However, the next section discusses possible errors 
in the estimates while the sources of the data are shown in 
Appendix A,
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his own terminology as the narrow, the standard, and the
broad; the first excludes both housing and consumer durables;
the second includes both of these items; and the third group
is a wide category incorporating military assets and soil 
(3)improvement. One feature of this division is that none of
these groups conform to the usual definitions applied in
national income studies. The usual definition adopted in
official estimates comes between the first and second groups
as it includes housing but not consumer durables.
The third group in this classification can be safely
ignored. The relation between military assets and productive
capacity is remote while valuation of soil improvements must,
at best, be an heroic estimate. The discussion comes down
then to the question of the inclusion or exclusion of the
housing and consumer durable items. The criteria used in
the compilation of estimates of investment are, as has been
noted, by no means clear but it does seem that we have two(4)
principles applicable to this general model. First, if
there is a relationship between the investment expenditure
and the productive capacity of the economy. The second point
is more complex. Hicks makes the point that the distinction
between private consumption and private investment is largely
) R.W. Goldsmith - op.cit.. Vol.I, Chapter 2, pp.30-31*
(4) Ingvar Ohlsson - On National Accounting: Konjunkturinstit- 
utet, Stockholm 1953; Chapter I, paras. 39-^1* Also see 
Richard Stone’s appendix in the League of Nations report on 
Measurement of National Income and the Construction of Social 
Accounts; United Nations. Geneva 19V7; p.2t*
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a distinction between the private accounts of individuals
(5)and the business accounts of firms. On this basis we would 
favour the exclusion of consumer durables. Nevertheless one 
purpose of this study is examination of the relation between 
annual replacement and annual depreciation. But for ah 
appraisal of the actual impact of the difference between 
these two aggregates we should be interested in those sectors 
where depreciation is in fact calculated rather than in the 
hypothetical situation where depreciation is calculated for 
all assets of long life. From this viewpoint we might exclude 
residential building as well as consumer durables on the 
argument that, as the majority are owned by private individ­
uals, no provision is made for depreciating the asset each 
year. On the basis of the proposition that the essential 
feature is the contribution to the increased flow of resources 
in the future, there is some sense in distinguishing between 
housing and consumer durables; housing makes a measurable 
contribution to output whereas this is not the case for 
consumer durables.
Having consideration for the type of model being used
in this work, one is lead to the decision to incorporate
housing in the gross investment estimates and, accordingly,
the capital stock figures but to drop consumer durables.
But to meet the point about the difference between the actual
(5) J.R. Hicks - The Problem of Budgetary Reform: Oxford. 
Clarendon Press 19^8$ pp.57ff»
and hypothetical situations in which assets are depreciated, 
some estimates of gross investment will be compiled in which 
the residential and farm housing sectors have been excluded.
When compiling estimates of total national wealth and
assets, Goldsmith shows the major components in the table;
this device is repeated here in Table 2.1 which illustrates
the differences between the items incorporated in his investi-(6)
gations and those included in this work. Apart from the 
consumer durables item five other categories have been 
dropped. "Dealers' Commissions on the sale of Houses" has 
been deleted because this payment is for a service rather 
than for a capital asset. Although these commissions are 
often incorporated in the mortgage, this is not sufficient 
justification for including the item in estimates of capital 
spending. Certainly commissions on the buying of a new 
house are part of the original investment but costs of trans­
ferring existing assets do not represent any change in the 
physical make-up of the asset. The items referring to used 
trucks and cars have been dropped for a number of reasons.
In the first place these estimates are derived from some 
very limited information about mark-ups; the material is
(6) R.W. Goldsmith - Ibid.; Vol.III. Table W-7. d p.10-17 and 
Vol.I, Tables series A and P. If only the dealers' margin 
was used in the farm as well as the non-farm sectors when 
calculating expenditure on used cars and trucks the estimates 
would be much lower. Instead of #377 millions the amount 
would be #86 millions in the farm sector, in the case of used 
passenger cars; compare Vol.I, Table P-lb with Table A-29.
taken from data covering a few years and then extrapolated 
for much longer periods. Secondly, the arguments applying to 
Dealers' Commissions apply equally well in this case as only 
the used car dealers' margins are used in the non-farm sector 
for estimating the costs of the asset. Finally, there is 
the confusion in the methods of estimating and allocating 
such spending between the farm and non-farm sectors; in the 
former case the whole cost of new passenger cars is charged 
to consumer durables whereas total spending on used passenger 
cars is allocated to the producer durables group as capital 
expenditure. The grounds for excluding "Federal Government 
expenditure outside the United States" should be apparent.
The amount involved in these changes is large owing to 
the item on Dealers' Commissions which amounted to £865 mill­
ions in 1949. Margins on non-farm used cars were £49 millions 
farm used trucks were £48 millions, and farm used passenger 
car spending amounted to £377 millions; all these estimates 
relate to the calendar year 1949. In that year gross invest­
ment expenditure, excluding these items, was £42,144 millions.
Having set out the scope of the main investment tables, 
one only has to show the methods of measuring depreciation 
and replacement. On the first point, despite the widespread 
discussion of the question in the accounting field, Goldsmith 
has calculated the depreciation item on a linear or 'straight 
line' basis so that his approach is based upon similar
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assumptions to those made by Domar in his theoretical outline. 
Clearly replacement is related to depreciation since estimates 
of the latter will depend upon the period chosen as the 
length of asset life. However, the replacement series has a 
separate importance as it is this item which is at the crux 
of the models put forward by Domar. The accuracy of the 
estimates of the lives of assets will determine the final 
estimates of the gross capital stock. As the matter arises 
throughout the work, this discussion deals only with the 
actual procedures carried through from the Goldsmith comput­
ations. In this case Goldsmith is frank about the limitations 
to his figures though he does show that the disparity between 
the actual and the assumed lives will be the most important 
for long-lived residential building where detailed inform­
ation about the life of assets is lacking. Goldsmith believes 
the pattern for durable producer goods is adequate and for
other industrial and commercial building he implies that(8)
estimates of the life of assets are as good as possible.
When he comes to the residential building the lack of precise
data becomes manifest; indeed the little empirical evidence he
has to offer suggests that his choice of asset lives is much
(9)too short. (Thus in the case of "One to four-family homes"
(7) R.W. Goldsmith - Ibid.. Vol.II, n.121. ’
(8) R.W. Goldsmith - Ibid.. Vol.II, pp.122-123.
(9) R.W. Goldsmith-- Ibid.« Vol.II, PP.3&3-365; there are three studies quoted in these pages, a study of homes in Toledo in 
1939? a sample of 1,400 homes which the Federal Housing Agency 
insured for mortgages in 19^0, and a study of the average value 
of homes standing on January 1, 193^ in twenty cities. This
(7)
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Table 2.1 - The Compilation of the Investment Aggregate.
(x-item included; o-item excluded)
ITEM ITEM ITEM ITEM
1.Structures, 5.Structures, 9.Equipment, Producer 10.Equipment, ProducerNon-farm, Residential. Institutional. X Durables, Durables,a. One to Four Family X Non-farm. Farm.b. Builders' Profit X 6.Structures, a. Industrial Equip- a. Tractors Xc. Alterations and Federal Government. ment X b. Machinery XAdditions X a. Highways X b. Non-residential c. Horse-dra\md. Dealers' Commiss- b. Buildings X Furniture and Vehicles Xions 0 c. Conservation etc. X Equipment X d. Miscellaneouse. Multi-family X d. Fixed Assets of c. Electrical Equip- Equipment XGovt. Corporations X ment X e. New Trucks X2.Structures, e. R.F.C. Civilian d. Ships and Boats X f. Used Trucks 0Non-farm, Non-resid- Plant X e. Railways and Tran- g. Used Passengerential. sit Equipment X Cars 0a. Commercial X 7.Structures, f. Professional andb. Industrial X State Government. Scientific Equip- 11.Equipment, Producerc. Public Utility X a. Highways X ment X Durables,b. Other X g. Office Machinery X Federal Government.3.Structures, h. Business Horse- a. General Govern-Mining. 8.Structures, drawn Vehicles X ment Equipment Xa. Petroleum and Oil- Local Government. i. New Passenger b. R.F.C. Civilianwell Drilling X a. Highways X Cars, Business X Equipment Xb. Metal Mining X b. Other X j. Used Passenger
Cars 0 12.Equipment, Producer4.Structures, k. Trucks X Durables.Farm. 1. Aircraft X Local Government Xa. Residential X m. Tools Xb. Non-residential X n. Miscellaneous 13.Equipment,Equipment X Consumer Durables 0
14.Federal Government, 
Construction outside 
the United States o
Note: This table has been derived from R.W. Goldsmith - Study of Saving in the United States: 
Volume III, Table W-7, pp.30-37.
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the assumed length of life of assets is taken as 60 years 
whereas various studies suggest a life of anything up to 
100 years). However, Goldsmith goes on to say "Further 
analysis of existing material would lead either to adhering 
to the present rate of sixty years with greater confidence (10)
or to changing it (not very much) either upward, or downward” .
The estimates of the average life of assets have been taken
directly from Goldsmith's work; his estimates are in turn
based upon the ages of capital assets used by the U.S. Bureau
of Internal Revenue when determining annual depreciation for
tax purposes. While this may not be satisfactory these
estimates must stand until there is evidence suggesting the
need for varying the average lives of assets adopted for this (11)
exercise.
II
In Table 2.2 the annual estimates of gross investment, 
replacement, and depreciation are shown on a constant (1929) 
price basis. In the latter case these estimates have been
(9) -continued- evidence is hopelessly inadequate, e.g. the 
third study has the underlying assumption that the land main­
tains a value of 20 per cent of original cost. See also, 
Appendix A, Section III, for a comparison with U.K. estimates.
(10) R.W. Goldsmith - Ibid.. Vol.II, p.123.
(11) George Terborgh takes the same general attitude. In a 
private letter of 14th December, 19?o he says "The only com­
prehensive da#a on service lives of various types and items 
of business capital equipment available for the United States 
are in Bulletin F of the Internal Revenue Service. This 
Bulletin is badly out of date and never was too good, but is 
relied on, of necessity, by statisticians requiring compre­
hensive coverage. I have been compelled to use it in my own 
studies...
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divided into groups; one shows these estimates including 
figures for both farm and non-farm residential construction 
while the other excludes these figures from the various 
estimates of gross investment, replacement, and depreciation. 
The annual estimates of replacement in terms of current 
prices are based upon the cost of the asset at the time when 
replacement falls due and not the original historical cost.
We have mentioned, in the preceding section, that the main 
reason for this is to distinguish between actual and hypo­
thetical cases in which assets are depreciated. But another 
reason is the lack of information about the length of life 
of residential buildings; in this way it should be possible 
to arrive at a reasonably accurate indication of the average 
age of ’productive' capital. As we shall see in later 
chapters the average life of assets has an important impact 
upon the models showing the relation between annual replace­
ment and depreciation.
In Appendix A the sources and main tables on which these 
estimates are based, have been fully shown. It should be 
noted that the residential group is comprised of expenditure 
on one-to-four family homes, builders’ profits, alterations 
and additions, multi-family homes, and farm residential 
construction.
Ill
Some remarks are called for on the accuracy of the data 
shown in these tables. In a very real sense an appreciation
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Table 2.2 - Animal Estimates of Gross Investment
Replacement« and D epreciation: 1897-1949«
Year
TS97
1898
18991900 
1901 
1902 
1903 
190M-
1905
1906
1907
1908
1909
1910
1911
1912  
1913 
191*f
1915
1916
1917
1918
1919
1920  
1921  
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937 
1933
1939
1940
(Current P rice Basis -  g m illions)
Gross Investment 
2,203 
2,256 
2,557 
3,074
3,247 
3,784 
3,356 
3,536
4.076
5,033
5,547 
4,407
4,902 
5,255 
5,006 
5,756
6,365
5,354 
5,279 
6,948 
8,494
9.076 
10,251 
12,274
9,192 
11,279 
14,795 
15,885 
17,205 
17,916 
17,594 
17,330
17' P I  13,345
9,719 
5,696 
4,565 
5,662 
7,312 
10,022  
12,644 
10,854 
11,818 
13,110
Replacement
493 
544 
617
681 
693 
75 8 
820 
862 
917 
971 
1,067
1,029
1,124 
1,147 
1,250
1,457
1,480 
1,426 
1,723 
2 , 0 2  
2,35
2,826
4,022
3,846
4,411
4,153
4,398
4,612
4,692
4,605
4,954
5,35°
5,260
5,371
5,454
6,072
6,404
6,28°
7,280
7,036
6,908
8,370
Denreelation
i:S
1,498
1.558 
1,630 
1,720 
1,809 
1,924 
1,992 
2,222  
2 244 
2,366 
2,485 
2,618 
2,741 
2,865 
3,029 
3 ,183 
3,284 
3,450 
3,736 
4,137 
4,495 
4,959 
5,113
5.558 
5,862 
6,172 
6,520 
6,921 
7,332 
7,761 
8,201  
8,587 
8,752 
8,745 
8,619 
8,556 
8,515 
8,608 
8,850  
9,099 
9,354 
9,667
(T ab le  2 .2  C ont.)
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194-1 17,055
19>+2 13,906
i t l 13,851 11,731
194-5 13,881
194-6 24,818
194-7 33,727
194-8
194-9 h
9,203 10,100
10,566 10,499
10,4-39 10,910
10,793 11,537
12,442 12,395
15,548 13,14-1
17,593 14,248
15,540 15,790
17,411 17,456
N otes: The sources o f d a ta  used in  th e  co m p ila tio n  of th i s  
ta b le  a re  shovm in  Appendix A.
Table 2 .^  -  Annual E stim ates  o f Gross Investm ent; 1897-19*4-9.
__________________(C onstan t 1929 p r ic e s  -  $  m il l io n s )____________
Gross Investm ent Gross Investm ent
Year In c lu d in g  Excluding Year In c lu d in g  Excluding
A ll A ll A ll A ll
R e s id e n tia l  R e s id e n tia l  R e s id e n tia l  R e s id e n tia l
1897
B u ild ing
5,584
__B u ild ing__
47520 1924
B uild ing
15,894
B uild ing
10,158
1898 5,146 4 ,125 1925 17,336 11,140
1899 5,524 4 ,431 1926 18,012 11,849
1900 6,295 5,334 1927 17,836 12,123
1901 6,793 5,513 1928 17,535 12,200
1902 7,755 6,197 1929 17,35° 13,44-2
1903 7,791 5,967 1930 14,542 12,312
1904 7,221 5,404 1931 10,982 9,090
1905 8,093 5,949 1932 7,426 6,521
1906 9,594 7,209 1933 5,629 4,933
1907 10,236 7,835 193? 6,391 5,545
1908 8,364 6,136 1935 8,341 6,921
1909 9,150 6,536 1936 11,237 9,109
1910 9,635 6,9§0 1937 13,163 10,854
1911 9,079 6 ’ l 21 1938 11,332 8,9671912 10,267 7,5^2 1939 12,427 9,279
1913 11,321 8,4-79 1940 14,333 110,895
1914 9,619 6,991 1941 16,213 12,447
1915 9,089 6,433 1942 12,222 10,386
1916 10,542 7,696 1943 11,621 10,663
1917 10,584 8,366 19^4 9,910 9,110
1918 9,104 7,594 1945 10,903 9,951
1919 9,529 7,077 1946 18,257 15,118
1920 9,806 7,812 1947 21,040 16,857
1921 8,832 6,425 1948 23,502 18,478
1922 12,147 8,047 1949 23,767 18,783
1923 14,813 9,777
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Table 2 .4  -  Annual E stim ates  of Replacem ent:
1897-1949.
_____________  (C onstan t 1979  p r ic e s  -  g m il l io n s )_____________
Replacem ent Replacement
Year In c lu d in g  Excluding Year In c lu d in g  Excluding 
A ll A ll A ll A ll
R e s id e n tia l  R e s id e n tia l  R e s id e n tia l  R e s id e n tia l
B u ild ing B uild ing B uild ing B u ild in g
1897 l , l S l 1,035 1924 1 , 2 1 9 3,714
1898 1,234 1,085 1925 4,429 3^927
1899 1,292 1,111 1926 4,644 4 ,158
1900 1,346 1,178 1927 4,728 4 ,229
1901 1,407 1,223 1928 4 ,625 4 ,129
1902 1,526 1 ,295 1929 4,954 4 ,392
1903
1904
1,655 
1 ,740 iM 19301931 5,6195,870 4 ,9995,231
1905 1,788 1,466 1932 6,658 5,663
1906 1,836 1,517 1933 6,723 5,836
1907 1,946 1,604 1934 6,869 5,946
1908 1 ,9  77 1,656 1935 7,155 6,236
1909 2,108 1,777 1936 6,978 5,935
1910 2,105 1,774 1937 7,533 6,389
1911 2,259 1,903 1938 7,363 6 ,105
1912 2,493 2,139 1939 7,094 5,881
1913 2,602 2,241 1940 8,895 7,650
1914 2,513 2,118 1941 8,590 7,197
1915 2,919 2,473 1942 9,323 7,917
1916 3,050 2,636 1943 8,933 7,547
1917 2,928 2,495 1944 8,962 7 ,422
1918 2,850 2,382 !945 10,036 8,356
1919 3,206 2,731 1946 11,211 9 ,295
1920 3,833 3,321 1947 10,769 9,093
1921 3,837 3,256 1948 8,667 7,247
1922 4,026 3,438 1949 9,833 8,250
1923 4,450 3,906
Table 2.5 - Annual Estimates of Depreciation; 1897-1949«
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________________ (Constant 1929 prices - g millions)___________
Depreciation Depreciation
Year Including Excluding Year Including Excluding All All All All
Residential Residential Residential Residential
Buildine* Building Building Building
1Ö97 3)068 2,210 1924 8,519 6,6591898 3,160 2,281 1925 8,844 6,8801899 3,275 2,375 1926 9,212 7,1541900 3,407 2,490 1927 9,606 7,4601901 3,%3 2,626 1928 9,983 7,7441902 3,723 2,767 1929 10,388 8,0771903 3,901 2,921 1930 10,714 8,3511904 4,125 3,084 1931 10,872 8,4801905 4,246 3,204 1932 10,861 8,4781906 4,675 3,476 1933 10,689 8,3131907 4,713 3,593 1934 10,566 8,1931908 4,909 3,752 1935 10,497 8,1171909 5,104 3,920 1936 10,571 8,1671910 5,325 4,191 1937 10,808 8,3821911 5,552 4,272 1938 11,014 8,5641912 5,730 4,416 1939 11,201 8,716
1913 5,981 4,620 1940 11,421 8,897191*6 6,200 4,792 1941 11,735 9,164
1915 6,329 4,909 1942 11,979 9,3801916 6,524 5,053 1943 12,131 9,524
1917 6,800 5,292 1944 12,160 9,552
1918 7,081 5,547 1945 12,265 9,659
1919 7,306 5,759 1946 12,513 9,8791920 7,562 5,978 1947 12,980 10,2921921 7,793 6,154 1948 13,651 10,8991922 7,969 6,271 1949 14,378 11,553
1923 8,210 6,441
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of its usefulness requires a reading of some of the material 
used by Goldsmith as well as the other basic sources listed 
in Appendix A. Furthermore, Goldsmith's methods of estimating 
investment expenditure need to be examined. When discussing 
the likely range of error in these estimates the two main 
aspects should be set apart: first, the actual data used by
Goldsmith and, to a lesser extent, the other sources such 
as Shaw; and, secondly, the restrictions on using the inform­
ation in the particular way required by this study.
Goldsmith, on his own estimate, sets the degree of errot
in the data as high as thirty per cent for each individual
item in any one year. But he does suggest that such a margin
will decline as either annual estimates are combined in a
time series or the items for any one year are aggregated.
In this work we are concerned mainly with using the estimates
in combinations such as gross investment so that the margin
of error will be reduced; from time to time some components
of these larger aggregates are used separately and Goldsmith's
comments should be borne in mind. Goldsmith discusses the
accuracy of his estimates in a chapter devoted wholely to
this point. His general conclusion - largely a matter of
subjective judgment - is that the relative error is likely
to be much smaller in the trends described by the estimates(12)
than in the year to year fluctuations. Confirmation of 
this view comes from the various reviews of Goldsmith's
(12) R.W. Goldsmith - op.cit.. Vol.II. Chanter IV. p p .129-149 
and Chapter V, p.222.
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volumes. Klein equivocates in his summing up of the useful­
ness of these estimates; that it is not wise to take the 
annual data, at least in the first decade or so, of the
period covered, but its accuracy improves with the running o
(13)
out of the years. In a more extensive review Morgan con­
siders this question and reaches much the same sort of con­
clusion; “This process,.........  require estimates and
assumptions of such uncertain nature that the year-to-year 
movements and the data for subgroups are not nearly so
reliable as the estimates of total national saving for
(14)
periods of years“. On the comparison of these estimates 
with other peoples' work, Morgan points out that most sets 
of figures use the same basic material and verifies the 
close similarity between them when showing the high correlat-
(15)
ions of first differences of pairs of savings estimates.
On the whole this reviewer re-iterates the reservations ex­
pressed by Goldsmith but the limitations of the individual 
estimates are worth examining in the light of these comments.
In the calculation of expenditures on home building 
an estimate is made of builders' profit and this is based 
on an estimate of the mark-up. In making the estimate this 
mark-up is assumed constant through the period 1890/1922 and 
there are other difficulties with establishing the proportion 
of homes built for sale - Goldsmith does recognise this
(13) L.R. Klein - Econometrica, July 1956: a review, pp.354-6
(14) J.N. Morgan - “Goldsmith's Study of United States 
Saving", American Economic Review. June 1956; PP•370-334.for 
quote, see p.371.
(15) J«N. Morgan - on,cit.. p.373«
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deficiency* The total of home construction expenditures
may be overstated by about 5 per cent or #383 millions in
(l6)
1949; gross investment in that year was £42,144 millions. 
Similar difficulties arise when estimating the division of 
some categories of durable equipment and passenger cars 
between business and private use* In section I of this 
chapter a reason given for deleting some of the items from 
the estimates of gross investment was the lack of systematic 
treatment of this point - see Table 2.1. The case of passen­
ger cars is interesting because Goldsmith rejects the trad­
itional break-up in the U.S. national income estimates of 
thirty per cent of expenditure counting as producer durables 
and the remaining seventy per cent as consumer durables, he 
eliminates expenditures by farmers, businessmen and so on 
from the investment category but this partly to meet the
needs of his savings study. Thus only 10 per cent of expend-
(17)iture on passenger cars is allocated to producer durables. 
Obviously the decision about the relevant ratios to be used 
is arbitrary but the estimates made by Goldsmith have been
(16) R.W. Goldsmith - op.cit.. Volume I, Table R-30, notes,
p.622.
(17) R*W. Goldsmith - Ibid.. Volume I, Table P-13? col.I, 
notes, and Volume II, Chapter XIV, pp.520-522. The U.S. 
Department of Commerce bases its estimates of the break-up 
of expenditures on motor cars on the mileage covered in 
different uses. But it would be an heroic assumption to 
suggest that this expenditure is determined largely by the 
mileage covered. The break-up used in the official National 
Income estimates is based on a survey carried out in 193^- 
1937; for comments, see T.C. Schelling - ‘’National Income, 
19?+ Edition”, Review of Economics and Statistics. November 
1955, PP.321-335.
used in this work in preference to the national income e s t i ­
mates. In similar fashion a reliable estimate of total 
business construction is divided arbitrarily between commercial 
buildings and industrial and public utility plants. The 
proportions of total expenditure allocated to the three cate­
gories is based upon census data and other material. The 
benchmark dates are linked linearly. This sort of break-up 
is most important when building gross capital stock estimates 
as each category has a different assumed length of life.
In later chapters the overall estimate of the gross 
capital stock is broken down into component groups and the 
arbitrary nature of the division between individual items 
has partly dictated the choice of groups. For example, an 
industrial buildings group includes all business construction 
- commercial, industrial and public utility - simply because 
any attempt to distinguish the commercial from the remainder 
seems unrealistic in view of the method of estimating the 
break-up between the three categories.
The development of a replacement series to make it poss­
ible to get gross capital stock estimates dating from 1897 
has meant using inadequate data for earlier years; this is 
particularly true in the case of producer durables. Estimates 
taken from the work of Shaw and Frickey have been used to get 
benchmark figures and these have been connected with the main 
estimates of gross investment by a number of methods of
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interpolation. It should be obvious that the margin of 
error of these estimates is greater than those for later 
years though such criticism is applicable to annual figures 
other than those based upon the ’benchmark* data taken from 
census collections.
While these comments relate to the defects and limitat­
ions of the actual data, one should look at the handicaps 
to the use of this material in the particular way required 
by Domar’s theoretical assumptions. The most important thing 
is that Domar’s model is based upon an exponential rate 
function and assumes a steady rate of growth} the data we 
are handling refer, on the whole to an economic system in 
which there are sharp year-to-year fluctuations. For this 
reason two separate periods will be examined, namely, 1897/1929 
and 1897/1949; in the former period the position is that 
there were no severe falls in the rate of growth of investment 
as we had in the thirties though a brief inspection of the 
estimates shows that there is nothing really like a cumulative 
rate of growth. The longer period covers the depression of 
the thirties and World War II and a glance at these figures 
suggests that no relation can be drawn between a steady rate
(l6) W.H«Shaw - Value of Commodity Output since l869j National 
Bureau of Economic Research,N.Y. 19V7J and Edwin Frickey - 
Production in the United States 1860-1914: Harvard University 
Press, 19^7• Both of these books are reviewed in the American 
Economic Review for 19^8; Frickey*s book is reviewed by Shaw 
on pp 171-172 and Shaw*s own book is treated by J.Shiskin on 
pp 663-665. Frickey holds that there is a downward bias in data 
showing actual production statistics - see his book on p 6lff#
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of growth and the outcome for the latter part of the time 
series•
Furthermore, there is a difference between the linear 
allocation of depreciation over the life of the asset which 
is the method adopted in these estimates and the figures 
presented in official national income work. The policies 
adopted by private business may differ markedly from this 
approach while in other instances, such as residential 
housing, no provision for depreciation is made. Thus we 
get some marked differences between the national income series 
and that based upon linear depreciation. And where there 
are wide fluctuations in the output of the economy some firms 
will not be in the position to meet these depreciation charges. 
In Table 2.6 the annual depreciation allowances based on our 
estimates in Table 2.2 are compared with the official national 
income estimates. One feature, not entirely unexpected, is 
the greater cyclical variation in the official estimates.
The drawing of other conclusions is hampered by the diffi­
culties of interpreting the official data. In the first 
place there is a significant amount of new capital equipment 
written off against current expenses whereas these amounts 
have been incorporated in our estimates of capital stock and,
with an assumed length of life assigned to them, annual
(19)
depreciation charges have been allocated. Secondly, during
(19) It is difficult to assess how much the estimate made from 
Goldsmith's data is affected by these differences in treatment; 
one difficulty is the lack of information about the items 
entering into this category. There is a breakdown of the
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Table 2.6 - Comparison of Depreciation Allowances In 
U.S. National Income and Estimates based 
upon Linear Allocation: 1929-1949«
U.S, # millions (current prices)
Year National Income Linear Difference
Depreciation Depreciation
Col, 1 Col,2 Col.3 =
Col.l - Col.2
1929 7698" 7331 + 367
1930 7737 7628 + 109
1931 7552 7701 - 149
1932 7038 7617 - 579
1933 6661 7436 - 775
193*+ 6598 73,25 > 727
1935 6665 7241 - 576
1936 6700 7268 - 5^8
1937 6910 7448 - 538
1933 6939 76 09 - 670
1939 7121 7766 - 645
1940 7316 7974 - 658
1941 8078 8296 - 218
1942 9162 8503 + 659
1943 9854 8508 +1346
1944 10793 8535 +2258
1945 11246 8712 +2534
1946 10013 9178 + 835
1947 12150 10129 + 20211948 14290 11484 +2806
1949 I638O 12928 +3452
Notes: Col.l - National Income, 195*+ Edition: Table 4, line 3,
pp.164-165; U.S. Department of Commerce,
Washington, 1954.
Col.3 - Table 2.2, less the depreciation allowances
attributed to government organisations.
ti9)' ^continued- item in the National Income. 1954 Edition. 
Exhibit I, p.150; this shows that in 1950 the amount of #1858 
millions was dealt with in this way and #920 millions was for 
oil and gas well drilling and #938 millions was for producers’ 
durable equipment. Until the data is available over the whole 
span of years it is difficult to assess the importance of this 
item; but, as the total of the items in this category has been 
rising proportionately with total depreciation since the years 
before World War II, an adjustment for this discrepancy would 
make for a widening of the margin shown in Col,3 of Table 2.6.
World War II there were extensive provisions for accelerated
depreciation and this has obviously inflated the estimates
between 1941 and 19^5* On the first point, this would make
the estimates from Goldsmith’s data higher than those stemming
from the official sources while the second point goes some
way in explaining the large differences between the series(20)
in the war years, But the comparison in Table 2.6 does 
show the problems of interpreting any measurement of depre­
ciation and should be borne in mind for later chapters where 
the relationship between depreciation and replacement is 
discussed.
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IV
With the data shown in Tables 2.3 and 2.4 and the in­
formation about the average life of each category of assets, 
one can construct estimates of the gross capital stock from 
1897 to 1950* But these estimates rest upon one very import­
ant assumption; all investment is of the 'one-hoss shay' 
variety so that the asset is fully replaced only when retired 
at the end of its assumed life. There are a number of methods 
for building up such an aggregate. The first, which was used
(20) If we can anticipate the discussion in later sections, 
some useful observations can be made about the effects of a 
depreciation item which shows marked cyclical variation. The 
relation between depreciation and gross capital stock is 
often taken as an indication of the average length of life 
of assets. But with the obvious variation in actual allow­
ances, it is impossible to draw any worthwhile conclusions 
from the relationships.
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apparently by Doraar when writing his article, assumes a
capital stockconstant relation between gross and net (of depreciation)/
can be inferred and this relationship can be determined from(21)
the ratio of replacement to gross investmentC Secondly, 
as a variation from the first approach, we may take the 
initial relationship between gross and net capital stock as 
estimated from the ratio of depreciation to gross investment, 
and then find the gross capital stock for the subsequent 
years by adding annual gross investment to the initial esti­
mate and deducting annual replacement. The third way which 
may be called the ’stock aggregation' method is based on the 
construction of series showing gross investment for each item 
in the capital stock. Having made an estimate of the life 
of the asset, one then adds gross investment within this 
period to get an estimate of the gross capital stock existing 
in the final year. An example may help to illustrate the 
approach; if the average life of an asset was ten years then 
the gross capital stock for this category in 19*+9 would be 
equal to all gross investment between 1940 and 19^9•
(21) E.D. Domar - op.cit., •pp.c)-6 and 17, footnote 2. Domar 
inflated Goldsmith's annual net of depreciation estimates by 
dividing by 0.6 to obtain the gross magnitudes. The inform­
ation on which he based this calculation is set out in his 
footnote. In view of the sources which he quotes, it is all 
the more surprising that he should have adopted this practice.
There is another assumption underlying the calculation 
which should be recognised. The initial m years should have 
expired before a constant relation between depreciation and 
gross investment can be applied; otherwise the relation will 
be rising and the application of a constant in this situation is erroneous.
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This last method has been adopted in this work for 
estimating the gross capital stock. It seems more preferable 
as it depends only upon the estimates of gross investment 
and the lives of assets whereas the other approaches start 
from an initial assumption about the relation between annual 
depreciation and annual gross investment and then all the 
other calculations are involved as well. Furthermore, the 
first method is based upon the assumption that each year the 
ratio of annual depreciation to annual gross investment can 
be determined. As we have seen in the preceding section 
there may be a strong cyclical element in the estimate of 
annual depreciation and this could well affect the relation­
ship which is at the core of the calculation of the gross 
capital stock by either of the first two methods.
In Table 2.7 we have the estimates of the gross capital 
stock based upon the 'stock aggregation^ method. This table 
shows orUy the overall totals but the totals for individual 
items are shown in Appendix A, Table A.7 . While this table 
forms a basis of much subsequent work a useful comparison 
can be made with estimates calculated by the other two methods 
mentioned earlier. This comparison is made in Table 2.8 for 
a number of selected years. A brief glance at this table 
shows the big differences between the various estimates.
When the method implicit in Domar's work - column 3 - is 
compared with our estimate the weakness of relying on a 
constant ratio of annual depreciation to annual gross in-
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T ab le  2 .7  -  A nnual E s tim a te s > o f  th e G ross C a p i ta l  S to c k :
189 7 -1 9 4 9 .
(C o n s ta n t  1929 p r i c e s -  $  m i l l io n s )
Y ear In c lu d in g
A ll
R e s id e n t i a l
B u ild in g
E x c lu d in g
A ll
R e s i d e n t i a l
B u ild in g
Y ear In c lu d in g
A ll
R e s id e n t i a l
B u ild in g
E x c lu d in g
A ll
R e s id e n t i a l
B u ild in g
1897 107 ,089 6 2 ,9 5 1 1924 285,888 190 /050
1898 1 1 1 ,7 8 5 66 ,7 2 1 1925 297 ,4 1 0 196 ,541
1899 115 ,703 6 9 ,7 7 0 1926 310 ,3 1 6 203 ,753
1900 119 ,928 7 3 ,0 8 3 1927 3 2 3 ,6 8 4 211 ,440
1901 124 ,888 7 7 ,2 5 0 1928 336 ,910 219 ,452
1902 130 ,281 8 1 ,5 4 7 1929 349 ,8 1 0 227,523
I 9 O3 136,545 8 6 ,4 8 4 1930 362 ,2 0 6 236,573
1904 142 ,641 9 1 ,0 3 2 1931 3 7 1 ,1 3 5 243 ,892
1905 148 ,118 9 5 ,0 0 2 1932 3 7 6 ,2 7 5 247 ,779
1906 1 5 4 ,4 2 5 9 9 ,4 8 7 1933 377 ,086 248 ,629
1907 162 ,187 105 ,183 1934 375 ,9 4 2 247 ,726
1908 170 ,4 8 6 111 ,423 1935 375 ,542 247 ,403
1909 176 ,876 115 ,9 0 6 1936 3 7 6 ,6 6 5 248 ,0 2 5
1910 1 8 3 ,9 1 5 120 ,6 6 2 1937 380 ,9 4 1 251 ,216
1911 191 ,443 1 2 5 ,8 4 6 1938 386 ,587 255 ,697
1912 1 9 8 ,2 6 5 130 ,4 6 6 1939 390 ,567 258 ,570
1913 206 ,042 135 ,8 7 2 1940 395 ,912 261 ,981
1914 214 ,741 1 4 2 ,0 9 0 1941 4 0 1 ,4 0 9 265 ,2 8 5
1915 221,762 146 ,8 8 2 1942 *+09,064 270 ,567
1916 228 ,043 150 ,953 1943 4 1 2 ,0 3 3 273 ,106
1917 235 ,073 155 ,5 5 1 1Q44 4 1 4 ,8 4 8 276 ,349
1918 243 ,2 3 5 161 ,9 2 8 1945 4 1 5 ,9 3 0 278 ,171
1919 249 ,504 1 6 7 ,1 5 5 1946 4 1 7 ,4 5 8 280,*+27
1920 255 ,8 5 4 171 ,5 2 8 1947 4 2 4 ,5 0 5 286 ,151
1921 262 ,228 1 7 6 ,4 2 0 1948 434 ,6 8 3 293 ,822
1922 267,213 179 ,579 1949 4 4 9 ,3 2 5 3 04 ,860
1923 2 7 5 ,3 2 5 1 8 4 ,1 7 9 1950 4 6 2 ,8 1 2 314 ,9 4 6
N o t e s : ( 1 )  E s t im a te s  a r e  a t  th e  b e g in n in g  o f  th e  y e a r  shown. 
(2 ) The s o u rc e s  o f  th e  d a ta  used  in  c o m p ilin g  th e s e
e s t im a te s  a r e  shown in  A ppendix A* 
v e s tm e n t to  e s t im a te  g ro s s  c a p i t a l  s to c k  i s  m a n i f e s t .  We
g e t  a much d i f f e r e n t  t r e n d  in  th e  r a t e  o f  g row th  o f  th e  g ro s s  
c a p i t a l  s to c k  in  th e s e  two e s t im a t e s .  The d i f f e r e n c e  betw een  
th e  e s t im a te s  in  colum n 1 and 2 i s ,  u n l ik e  t h a t  o f  column 3? 
a o n c e - f o r - a l l  d i s c r e p a n c y .  T hus, as th e  t o t a l s  i n c r e a s e ,
Table 2 .8  -  A Comparison of D if fe re n t E stim ates of 
th e  Gross C a p ita l S tock : s e le c te d  y ea r
1897-1950.
(C onstan t 1929 p r ic e s  -  # m il lio n s )
Y ear Our E stim ates Method 2 Method 1
(T ab le 2 .7 ) (Dofear)
(1) (2) (3)
1697 107,089 128,237 128,237
1911 191 ,443 212,591 215,322
1920 2 5 5 , 85V 277,002 272,412
1925 297,410 318,558 313,480
1930 3 6 2 ,2 0 6 383,354 387,753
193V 375,942 397,090 379,952
19^1 401,409 422,557 383,130
1950 462,812 483,960 444,677
N o te s : (a) The Net (o f  d e p re c ia t io n )  C a p ita l S tock e s tim a te s
used in  f in d in g  th e  f ig u re s  in  columns (2) and (3) 
a re  tak en  from R.W. Goldsm ith -  o p . c i t . . Volume I I I ,  
Table w-3; p p .20-21; column 4 p lu s  column 12.
This e s tim a te  i s  com parable w ith  item s inc luded  in  
our g ro ss  e s tim a te  a p a r t  from the few minor item s 
l i s t e d  in  Table 2 .1  which have been dropped.
(b) The i n i t i a l  g ross c a p i ta l  s to ck  e s tim a te  fo r  1897 
in  columns 2 and 3 of #128,237  m il lio n s  has been 
determ ined  by tak in g  th e  n e t e s tim a te  from Gold­
sm ith  of #76,942 m il lio n s  and d iv id in g  by 0 .6 .
(c) E stim ates  a re  f o r  the  beginning  of the y ea r shown.
th i s  m argin d e c lin e s  as a p e rcen tag e  bu t even a t  the beginning 
of 1950 i t  amounts to  n e a r ly  5 p e r c e n t.
This com parison i l l u s t r a t e s  the  dangers of basing  e s t i ­
mates upon assum ptions which can be most tenuous; th i s  i s  
most ev id en t in  th e  case of the  co n s tan t r a t io  of annual 
d e p re c ia t io n  to  annual g ross in v estm en t. U nless the  a v a i l ­
ab le  in fo rm atio n  is  u t i l i s e d  f u l l y ,  assum ptions such as th a t
( 2 2 )
underly ing  Domar’s e s tim a te  can g ive  very  b ia sed  r e s u l t s .
(22) An example of p o s s ib le  u n fo rtu n a te  r e s u l t s  which m ight 
stem from th e se  b ia sed  e s tim a te s  can be seen when co n s id e rin g
It does appear that the estimates of the gross capital stock 
set out in Table 2.7 give a better approximation than either 
of the other two attempts. Whether any useful interpretation 
can be derived from such estimates is another matter.
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(22) -continued- the question of the long-run change in the 
capital-output ratio. Estimates supplied privately by 
Professor Kuznets give the gross national product in constant 
(1929) prices as 331,855 inl897 and 3172,756 in 1950. When 
the average capital/output ratio is calculated from our esti­
mates in Table 2.8, column 1 we get, for 1897, 3A  and, for 
1950, 2.7; the ratios based on the estimates of gross capital 
stock shown in column 3 of that table are 4.0 and 2.6 re­
spectively. This is a very much different pattern.
Chapter ^
81
The Average Life-span of the Gross Capital Stock,
I
Before we can go on to analyse the data presented in 
the preceding chapter, it is necessary to examine the average 
life-span of assets. In fact it is this variable which is 
the main innovation incorporated in Domar's model as out­
lined in Chapter 1. We have two ways of determining the
average life-span of assets and these are set out in the
(1)
appendix of his article. In the first place there is the
simple method in which m, the average life-span of the gross
capital stock, is equal to the ratio of gross capital stock
to annual depreciation.
K(1) m * ---
D
Secondly, there is the alternative method for determining 
m on the basis of a weighted average of the individual items 
entering into the gross capital stock. In this case we have
(2)
-rm-, -rm0 ■ -rm
b^(l-e x ) + b2(l-e d) + .... bn (l-e )
-rm-. -rm9 -rm
a1b1(l-e x) + a^b^Cl-e d) +....anbn^~e '
where b^ + b2 +.*...bn = 1 and are found by taking the amount
of the gross capital stock in each group having a different
estimated life-span and expressing this as a proportion of
(1) E.D. Domar - "Depreciation, Replacement and Growth", 
Economic Journal. March 1953; pp.26-27
8 2
the total gross capital stock. In addition a^ = 1/m^ and 
a , = l/m9 and so on where m^, etc, are the average life­
spans for each group of assets.
In Domar’s scheme the first and second equations are 
equal but, as we shall see, this is not borne out when they 
are tested. The main reason for this is that Domar’s system 
is based upon an assumption of a steady rate of growth where­
as the experience between 1897 and 19*+9 has been one of 
marked fluctuations. And equation (2) is not simply a 
weighted average as it depends not only upon the varying 
proportions going to each of the groups representing differ­
ent asset lives but also upon the rate of growth of gross 
investment. Therefore the reasons for the different results 
obtained from these two measures seem to be straightforward. 
In the simple case, equation (1), the calculation of the av­
erage life-span of the gross capital stock is based upon 
actual data for gross investment and replacement and an 
estimate of annual depreciation. It should be noted that 
this estimate of depreciation is made on the assumption that 
an asset is depreciated by the same amount in each year of 
its life; this may not be the same thing as the annual de­
preciation shown in business accounts or in national income 
estimates. The comparisons made towards the end of the 
previous chapter in Table 2.6 show up the cyclical nature of 
the differences between our estimates of depreciation com­
puted on a straight-line or linear basis and those appearing
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in  the  o f f i c i a l  U.S. n a t i o n a l  income e s t im a te s .  Apart from 
the  p o s s ib le  d i s c re p a n c ie s  a r i s i n g  out of the assumptions 
about f u l l  replacement a t  r e t i r e m e n t  and l i n e a r  d e p r e c ia t io n ,  
the  e s t im a te s  of  the gross  c a p i t a l  s tock  and annual depre­
c i a t i o n  r e f l e c t  the  f l u c t u a t i o n s  w i th in  the United S ta te s  
economy between 1397 and 19*+9*
In equa t ion  (2) the  r a t e  of growth of gross investment 
as w e l l  as the r e l a t i v e  p ro p o r t io n s  of the  gross c a p i t a l  
s to ck  accruing  under each age group, a f f e c t s  the  e s t im a te  of 
the  o v e r a l l  average l i f e - s p a n .  For any given age composition 
of the  gross c a p i t a l  s tock  a co n s tan t  r a t e  of growth of gross 
investment and th e r e fo r e  replacement i s  assumed. Thus when 
t e s t i n g  with the  da ta  p repared  in  the preceding  c h a p te r ,  i t  
is  assumed t h a t  replacement has taken p lace  in  a p a r t i c u l a r  
way so t h a t  in d iv id u a l  e s t im a te s  of the gross c a p i t a l  s tock  
are  no t  d i r e c t l y  r e l a t e d .  Thus equa t ion  (2) r e p r e s e n t s  a 
measure of the  t h e o r e t i c a l  average l i f e - s p a n  fo l low ing  from 
the a p p l i c a t i o n  of a co n s tan t  r a t e  of growth.
However, ano ther  source of e r r o r  can be found w i th in  
the  s t r u c t u r e  of equa t ion  ( 2 ) .  In our e s t im a te s  we have 
app l ied  the same r a t e  of  growth to  each of the  items in  the 
equ a t io n .  I t  would appear t h a t  the  a c tu a l  cumulative r a t e  
of growth recorded by the i n d iv id u a l  group should be ap p l ied  
when es t im a t in g  the  average l i f e - s p a n  of a s s e t s .  I f  an 
e s t im a te  of the average l i f e - s p a n  was made on t h i s  b a s i s ,  
the re  might be a g r e a t e r  correspondence between the  r e s u l t s
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found from equations (1) and (2).
The measurement of the average rate of growth raises 
some difficulties. In this case two methods have been used 
for measuring it between 1897 and 19^9• In the first place 
we have taken the annual series at the beginning and the end 
of the period and have calculated the rate of growth by a 
simple compound interest formula. Although unsophisticated, 
this approach has some advantages when compared with the 
alternative method. The latter is the determination of the 
rate of growth from a logarithmic trend calculated from 
'least squares'. There are some significant variations in the 
rates. One reason for this is the impact of the depression 
during the thirties and war during the forties on gross 
investment. It was not until the postwar years that the 
levels of gross investment of the late twenties was regained. 
As this feature makes it difficult to associate the expansion 
of the gross investment series with a steady rate of growth 
it was decided to compute such an estimate for the period 
I897 to 1929* In this case the various estimates of the rate 
of growth are much closer despite objections which can be 
advanced because the series is terminated at the peak of a 
boom, in Chart 1 six estimates of the rate of growth are 
shown; two alternatives are presented in the case of the first 
method where the annual estimate at the beginning and the end 
of the series and an average of the first and last four years
Gross Investment ln the UnitedChart 1
(Actual data and estimated ra tes of growth based on d ifferen t
methods of measurement)
p(l+r)
(6) are f i t te d  to a sim ilar
equation by ’least
to 1926/1929 r1897/1900
( ’le a s t s
to 1946/19^91897/1900
TTtTt
ng  & H a ld en  - A u str a lia
f f*  *f3o W  ftfUO W
Years
-T  B
m 7  r /^09
A l l ia n c e  N o . 9L . 3  C ycle  Lo o  x IO t h s
«for
are connected.
Although the rate of growth has only a small effect on 
the estimates of the life-span of assets so that the choice
between the various rates shown in this chart are of no
great importance, the one used for the period 1897/19^9
is based upon the four year average at the beginning and
(2)end of the series. The rate of growth used for the shorter 
period from 1897 to 1929 is 3*5 per cent. The main reasons 
for this choice in the case of the longer period from 1897 
to 19^9 was to overcome the downward bias in these estimates 
stemming from depression and, more important, the war.
II
As well as the two methods of calculating the average
life-span shown in equations (1) and (2), we can make a
further comparison with the results obtained by calculating
a simple weighted average. In fact this is calculated by
weighting each group of assets with the same life-span by
the proportion of the total gross capital stock falling
within that category. Table 3*1 shows that this simple
weighting gives the highest average life-span of all the
calculations. In addition we attempt to distinguish the
(2) The very slight impact of a significant change in the 
rate of growth upon the estimate of the average life-span 
can be seen in the following calculations :«*
Equation (2) Average Life-span of the Gross Stock
with 1 3 9 7 1 9 2 5
43.66
43.13
1. r=3.5$2. r=2.8$ 41.4840.96
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average l i f e - s p a n  fo r  a l t e r n a te  m easures o f the  gross
c a p i t a l  s to ck  where r e s i d e n t i a l  b u ild in g s  a re  in c lu d ed  and
excluded  as in  Table 2 .7  o f the  p reced ing  c h a p te r .
The r e s u l t s  o b ta in ed  in  Table 3 .1  show a range of
e s tim a te s  of th e  average l i f e - s p a n  d i f f e r in g  by as much as
10 y ea rs#  However, accep tance  o f one method in  p re fe ren ce
to  an o th e r i s  handicapped by th e  d i f f i c u l t y  o f re c o n c il in g
th e  assum ption about th e  co n s tan t r a te  o f growth of g ross
investm en t w ith  the  d a ta  fo r  th e  p e rio d  in  which we are
working which shows such wide f lu c tu a t io n s  in  th e  o u tp u t
o f th e  economy. The s o r t  o f a n a ly s is  pu t forw ard  by Domar
does n o t f i r  w ell in to  th e  p a t te r n  of a c tu a l  e v e n ts .  But the
in fo rm a tio n  con ta in ed  in  the  p rev io u s fo o tn o te  in d ic a te s
th a t  the  r a te  o f growth has only a sm all in f lu e n c e  on those
c a lc u la t io n s  under eq u a tio n  (2)# Some p a r t  o f th e  reaso n
fo r  th e  v a r ia t io n  between r e s u l t s  d e riv ed  from th e  two
eq u a tio n s  must l i e  w ith  e r r o r s  in  th e  d a ta .  Thus f i r e  lo s s e s
are  handled  in  such a way th a t  th e  o u ts tan d in g  d e p re c ia t io n
i s  f u l l y  shown in  th e  y ea r in  which th e  lo s s  occurs even
though th i s  does n o t mean any sh o rten in g  in  th e  average
( 1 )l i f e - s p a n  of th e  r e le v a n t  ca teg o ry  of a s s e t s .  A lthough
t h i s  may account fo r  some p a r t  o f th e  d if fe re n c e s  between
th e  r e s u l t s  under e q u a tio n  (1) and eq u a tio n  (2) th e  amount
(If)
inv o lv ed  i s  n o t s u f f i c i e n t l y  la rg e  to  c lo se  the  gap . In
( 3 ) R.W .Goldsmith -  A Study o f Saving in  the U n ite d ~ ^ ta te s » 
Volume I I ;  pp 364- 365•
(4 ) R.W .Goldsmith -  I b id . ,  Volume I ,  Table R -7 0 , pp 666-667.
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Table ^ .1  -  Average L ife -sp an  o f th e  Gross
C a p ita l S tock ; A lte rn a tiv e  M easures.
Y ear
1896
1900
1905
1910
1915
1920
1925
1930
1935
194-0
1945
1949
E quation  ( l ) E quation  (2) Simple
In c lu d in g  
R esid * t *1
E xcluding In c lu d in g E xcluding Average
R esid * t *1 R e s i d ' t ' l Resid* t *1 Inc lu d in g
B u ild ing B u ild ing B u ild in g B u ild ing R e s id * t’1 
B u ild ing
CD (2) (3) (4) (5)
36.77 28.48 43 .66 35.92 46*50
36 . 9^ 29.35 43 .35 36.37 46 .11
36.60 29.65 42 .72 36.25 45 .48
36 .x ? 28.79 42 .31 36.02 4 5 .10
36.19 29.92 41 .74 36.02 44 .98
34.80 28.69 41 .18 35.84 44 .16
35.19 28.57 41.48 34.89 44.43
34.72 fo-M 41 .29 34 .85 44.2435.96 41 .88 35.66 44 .67
35.20 29.45 40 .97 35.12 44.37
3&.14 28.80 40.58 34.43 43.73
32.22 26.39 - mm -
N otes: (a ) The Gross C a p ita l S tock f ig u re s  used in  th e se
c a lc u la t io n s  a re  fo r  the  end of the  y ea r  shown.
(b) The d a ta  used in  th e  c a lc u la t io n  in  column (1) 
have been tak en  from Tables 2.7* c o l . l  and 2.5* 
c o l . l .
(c) The d a ta  f o r  th e  c a lc u la t io n s  in  column (2) have 
been tak en  from T ables 2.7* c o l .2 and 2.5* c o l .2 .
(d) The d a ta  fo r  th e  c a lc u la t io n s  in  columns v3)*(4) 
and (5) have been taken  from Appendix A where a 
d e ta i le d  breakdown of a l l  th e  main s e r ie s  and
th e  assumed l i f e - s p a n  fo r  each ca teg o ry  a re  shown.
(e ) G oldsm ith does no t g ive a breakdown of th e  
p ro d u cer equipment ca teg o ry  a f t e r  194? so th a t  
an a c c u ra te  e s tim a te  is  n o t a v a ila b le  a f t e r  th i s  
d a te .  A rough e s tim a te  fo r  1949 g ives fo r  columns 
(3 )* (4 )  and (5) the  fo llo w in g  l i f e - s p a n s
38o  y e a r s ,  32 y ea rs  and 42 y ea rs  r e s p e c t iv e ly .
summing up one can say th a t  th e  ev idence su p p o rtin g  th e  claim s 
th a t  the  average l i f e - s p a n  o f th e  c a p i ta l  s to c k  i s  about th a t  
shown under columns (3) and (4) i s  supported  by th e  averag ing  
in d ic a te d  in  th e  f i n a l  column o f Table 3 .1 /
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A feature common to all the estimates shown in Table 
3.1 is the evidence d>f a steady reduction in the average 
life-span of assets* The reasons for this are either a 
switch to investing in the shorter lived type or a reduction 
in the life of a particular type of asset. The latter case 
is not of much interest to us as the assumptions about the 
length of life of assets are fairly rigid; the actual 
estimates used in this study are set out in Appendix a !^
The main explanation for this decline in the average life­
span rests with the switching of gross investment into the 
shorter lived categories. On the whole producers’ equipment 
and the like are the shorter lived assets and, in Table 3*2, 
these are listed and expressed as a percentage of the gross
* 1«capital stock. here is some evidence supporting the view
that this switch took place. Although the percentage of
equipment in the gross capital stock does not exhibit the
same steady fall as those estimates of the average life-span
shown in Table 3*1? column (3)> the changes do correspond,
with a lag, to those estimates of the average life-span of the
nonresidential portion of the gross capital stock. This
change in structure does reflect a major secular movement
in the building industry which took place during the period*
(5) One handicap to the use of average lives of assets is 
that it does not take into account sufficiently tha fact that 
intensity of use as well as age is important in determining 
the period over which the asset is used. But whether an asset 
is being used or lying idle some deterioration is taking 
place* And, where improved techniques rather than wearing out 
lead to the retirement of assets, the significance of intensity of use declines*
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A review of the detailed tables of gross investment in 
Appendix A does show the magnitude of the construction boom 
in the twenties and the rapid falling off in this type of 
expenditure throughout the depression of the thirties; the 
peak reached in the mid-twenties was not equalled even by 
1949. This would seem to be the majoe explanation of the 
decline in the share of manufacturers* equipment in the 
capita}, stock during the twenties and the rapid rise from 
1940.
Although our estimates of the average life-span are 
in conflict they do not conform with the popular notions of 
this measure. Domar re-iterates such assessments as have 
been made when he uses the estimate of thirty years in all 
his calculations; 1 When the data presented by Fabricant 
is scrutinised one finds that it embodies a relation between 
depreciation allowances and depletion sums on the one hand 
and gross capital assets on the other for one year - 1934;
sample was used to test our data the result would be an 
average life-span of close to twenty years. All expenditure 
on housing, amounting to about 30 per cent of the gross
(6) 5.D.Domar - op.cit., p 5. He quotes a verbal estimate from 
the U.S. Department of Commerce as well as Solomon Fabricant 
who is mentioned in the next footnote.
(7) S.Fabricant - Capital Consumption and Adjustment -^ National 
Bureau of Economic Research, New York 1938; p 34. The 
inclusion of depletion allowances in the calculation seems
to be erroneous; we are measuring the average life-span of 
fixed capital assets whereas depletion allowances refer to 
the deterior ation of natural resources.
and this refers to corporations If such an inadequate
Table 3.2 - The proportion of Equipment Goods in the Gross Capital Stock
(Constant 1929 prices)
End of 
Year
Total
GrossCapitalStock
0m
Manufacturers * Eauinment Farm Eauinment Total Eauinment
2m % 0m % 0m %
1896 107089 16245 15.17 3544 3.31 19789 18.481900 124888 19550 15.65 3867 3.10 23417 18.751905 154425 26116 16.91 4590 2.97 30706 19.881910
1915
191443228643 M 17.5717.% 57216709 2.9,92.94 ,3935346593 20.5620.431920 262228 50052 19.09 7613 2.90 5,7665 21.991925 310316 57189 18.43 7023 2.26 64212 20.691930 371135 65990 17.78 7135 1.92 731,25 19.701935 376665 61068 16.21 557,9 1.48 66647 17.691940 401409 65713 16.37 6794 1.69 72507 18.061945 417458 73995 17.73 8821 2.11 82816 19.841949 462812 92187 19.92 14392 3.11 106579 23.03
Note:- The manufacturers* equipment goods group includes an estimated expenditure through the Reconstruction Finance Corporation on civilian equipment and an allowance of 10 per cent for automobiles in business use,(a) R.F.C. equipment: 1940 - #1206m(0.30 per cent of the gross capital stock)1945 - *7i84m(1.72 " " " " " " " )1949 - *6260m(1.35 " " " " " “ * )
(b) Automobiles: 1920-g 690m(0.26$) 1935-2l052m(0.28$) 1945-2 721m(0.17$)1925-2l338m(0.43$) 1940-gl602m(0.40$) 1949-$l6llm(0.35$)1930-gfl942m( 0.52$)
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capital stock, is ignored and this comprises most of the
longest lived assets. Terborgh has much the same idea
about the average life-span; in a somewhat colourful
statement he says 1 The life of most such goods falls far
short of the three score years and ten the psalmist has
allotted the human span* Indeed, in the United States at least,
a typical year's output of durable commodities and structures
has an average life expectancy less than half as long'J^
One source of the confusion seems to stem from the
identification of the average life of gross investment with
the average for the capital stock* Instead the latter
estimate depends not only upon the former but also upon
the average life of those investments which are falling
due for replacement each year* Given any long run growth
in the gross investment aggregate and stable proportions
between the various categories, the replacement aggregate
will contain a higher proportion of the shorter lived assets
than the gross investment series*
This can be readily established* We will assume that
a constant rate of growth prevails; that gross investment(G)
is divided between two groups(G' and G'1) with different
asset lives of five and ten years) that the proportion of
gross investment going to each group is fixed(a + b = 1);
(&) G.Terborgh - Dynamic Equipment Policy: Machinery and 
Allied Products Institute, Chicago 19^9$ Chapter 1, p 1*
93
and that all replacement takes place at retirement. Then 
for annual gross investment at t we have 
G-£ = G 11 + G 1 = aer<t + be**^
But annual replacement depends upon the life of an asset 
so that we have
Rt = R't + R"t = aer(t_?) + ber(t"10)
= G't-J + ®'' t-10
As a + b are equal to one and are fixed and as exceeds
G ft-10 then the ratio of G*t-5 to G*1^ ^  will be greater 
than the ratio of G !t-io to G 1' ^ ^ .  Therefore the proportion 
of shorter lived assets will be higher in a replacement 
aggregate than in the same measure of annual gross investment. 
The proportion of longer lived assets in the gross capital 
stock will be higher than gross investment would suggest.
This proposition can be illustrated fairly simply from 
the data on investment and replacement. In Table 3*3 the 
Table - Average Life-span of ^ross Investment
and Replacement
Year Investment Replacement
1897 41.7 22.5
1905 39.8 24.9
1915 38.I 25.5
1925 W . 3 20.2
19,35 32.8 22.7
1945 31.2 26.1
average life-span of assets in the two series is computed 
for a number of years and the wide margin between the two
9 4
sets of estimates can be seen. Although they are simple 
weighted averages, and therefore not fully comparable with 
all the previous figures shown in Table 3.1, they do indicate 
the distinction between the gross capital and the gross 
investment series. The closing of the margin between the 
two series after 192? feflects mainly the impact of depression 
and war upon the composition of gross investment. Residential 
and industrial building comprised 58.5 per cent of gross 
investment in 1925 but in 1930 it was bb.O pwr cent, in 
1935 29.0 per cent, in 19*f0 J+1.6 per cent and in 19*+5 
25*1 per cent.
Another, and possibly frequent, source of confusion 
in relation to the average life-span of the gross capital 
stock is the identification with the average period of 
turnover; indeed the latter may be called rightly the 
average life. The average period of turnover is based upon 
the number of years of life remaining in an asset. Some 
assets will be replaced next year while others will not be 
replaced for another sixty years and the calculation is 
based upon some system of weighting. In the case of the 
average life-span which we have been dealing with,' the gross 
capital stock is broken down into assets of the same life­
span. Whether such assets have one or sixty years of life 
remaining is not relevant. The difference between the two
m easures is  s u b s ta n t ia l*  The average p e rio d  of tu rn o v e r has 
been c a lc u la te d  fo r  one y ea r only -  19*+5 -  bu t th e  com parison 
i s  in fo rm a tiv e . From Table 3*1 th e  average l i f e - s p a n  
c a lc u la te d  from eq u a tio n  (2) i s  *+0.6 y ea rs  fo r  the  t o t a l  
g ro ss  c a p i ta l  s to c k  and y ea rs  fo r  th e  nonre s id e n t i a l
g ro ss  c a p i ta l  s to c k . Using the  same w eighting  as in  
e q u a tio n  (2) we have an average p e rio d  of tu rn o v e r of 
20 .9  y ea rs  and 17*7 y ea rs  r e s p e c t iv e ly ! ^
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19) An in te r e s t in g  c o ro lla ry  to  th e  d isc u ss io n  about th e  
average l i f e - s p a n  of c a p i ta l  a s s e ts  is  found in  th e  tre a tm e n t 
of induced in v e s tm e n t. In  much of th e  a n a ly s is  ce n tred  on 
th a t  s u b je c t ,  p a r t i c u la r ly  th e  im pact o f e r r a t i c  shocks, i t  
i s  assumed th a t  the  e f f e c t s  o f an upsurge in  annual 
investm ent w i l l  d im in ish  q u ic k ly . J .R .H ick s -  A C o n trib u tio n  
to  the Theory of the Trade C ycle; Oxford, C larendon P ress  
1950; pp ifO-H-2 -  says "This is  th e  r e a l i s t i c  ca se ; and here  
i t  looks as i f  we should  be sa fe  in  assuming th a t  a f t e r  
(say) a couple o f sw in g s ,th e  rem aining o s c i l l a t io n s  would 
be q u ite  n e g l ig ib l e .“ But w ith  an average l i f e - s p a n  of 
soraeidiere between t h i r t y  and f o r ty  y e a r s ,  i t  may be a 
long time befo re  th e  o s c i l l a t io n s  a re  n e g l ig ib le .
Chapter b
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Testing the Domar Models of the relation between 
Replacement. Depreciation and Gross Investment.
I
In the first two sections of his work Domar devotes 
his attention to the relationship between gross investment, 
depreciation and replacement. These models have been 
developed in such a way as to cover the cases of current 
as well as constant prices Already in Chapter 1 the 
assumptions underlying these models have been set out, so 
that the purpose of this chapter is an analysis of the 
data we have derived in Chapters 2 and 3 as well as 
Appendix A. Although Domar proceeds from this work to 
build a series of growth models similar to those of Harrod 
and his own earlier efforts but based upon the use of 
gross rather than net measures, the critical issue at 
stake here is the identity of annual replacement and annual 
depreciation.
Before working on these computations it is necessary 
to clear up one of the difficulties which was touched 
upon in the preceding chapter. This is the question of 
the actual rates of growth applicable throughout the period* 
(iVe.D.Domar - op.cit.. pp 3-13.
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Whereas, in determining the average life-span of the gross
capital stock, quite marked differences in the rate of
growth do not have much impact upon the final estimate,
this is not the case when we are working with the ratios
of annual depreciation to annual gross investment and annual
(2 )replacement to annual depreciation; In this chapter we 
are concerned not only with the overall rates of growth 
but also for the rate of price increases. Thus Table 4.1 
shows the rates of growth of gross investment measured in 
both current and constant prices, and the rate of growth 
of prices. These estimates are shown for the entire period 
between 1897 and 19*+9 and the shorter period up to 1929*
And, as in the preceding chapter, two methods have been 
used for measuring the rate of growth; the first and 
second groups have been found by simply linking the annual 
series or an average of the four years at the beginning 
and end of the period while the third group involves the 
finding of the rate of growth from a logarithmic trend 
calculated by *least squares*. There is no difficulty 
about the estimates of the rate of growth of prices as 
most of the estimates are in the region of three per cent. 
The problem centres around the differences between the 
estimates in the first and second groups on the one hand 
and these under the third category on the other. This comes 
(2) See Chapter 3, section I and footnote 2.
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down to indicating how far the effects of the depression 
of the thirties and the war should be taken into account 
when assessing past events as well as future prospects.
Table *t.l - Rates of growth of Gross Investment.
measured in constant and current prices, 
and of Prices.
(per cent per year)
1 8 9 7 / 1 9 2 9 1 8 9 7 / 1 9 4 9
1. One year estimates
a. Current Prices 6.64 5.84
b. Constant Prices 3.61 2.83c. Rate of Price Increase 3.03 3.01
2. Four year average estimates
5.67a. Current Prices 7 . 1 8b. Constant Prices 4.16 2.84
c. Rate of Price Increase 3.02 2 . 8 3
3. Least squares estimates
6 . 7 8 3-94a. Current Prices
b. Constant Prices 3.34 1 . 6 3c. Rate of Price Increase 3.44 2 . 3 1
Note: The first estimates are found by taking the annual 
figure at the beginning and the end of the period 
and linking with a compound interest formula. The 
second estimates reflect the same general approach 
but the figures used are based upon an average of the 
annual data for four years at the beginning and the 
end. The third estimates show a logarithmic trend 
determined by the method of 'least squares'.
When we look at the estimates of the various rates 
of growth for the period between 1897 and 1929 there is 
nothing much to distinguish one set from another. The 
critical period is the decade and a half after 1929* In
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terms of explaining past events some account must be taken 
of the much lower rate of growth of gross investment 
stemming from the ’least squares’ calculation* In some 
cases the use of this estimate of the rate of growth allows 
a closer identification of the ratios of depreciation to 
gross investment and replacement to depreciation based 
upon the equations shown in Chapter 1 with the same ratios 
calculated from the actual data presented in Chapter 2. 
However, this feature is only part of the explanation for 
that discrepancy*
Nevertheless the effects of depression and war impart 
a downward bias to the estimates of the rates of growth of 
gross investment and the long-run real rate of growth seems 
to be in the vicinity of three per cent* At least, when 
looking to present conditions, the higher estimates seem 
more reasonable. It should not be overlooked that our 
series ends in 19^9 and since then gross investment has 
been rising at a rapid rate*
One final point about these various estimates of growth 
rates. Part of the difference in the rates between the 
short and long periods can be explained by the time span 
covered. Whereas the short period between 1897 and 1929 
terminates at the height of a boom, the same cannot be said 
for the beginning of the series. The year 1897 was the 
trough of a depression and the subsequent recovery was not
affected greatly by the modest decline in activity during 
1900/1901^ Therefore the series between 1897 and 1929 
will be skewed and a higher rate of gross investment 
obtained.
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II
After the elapse of the initial m years, the final
expression for the ratio of annual depreciation to annual
gross investment is
(1) D/G = 1 - e~rm
rm
This applies whether we measure gross investment in constant
or current prices. Depreciation is based on the historical
cost of assets. In this equation D is annual depreciation,
G is annual gross investment, r is the rate of growth of
gross investment, and m is the average life-span of the
(4)gross capital stock; In his article Domar uses some
rough data to draw conclusions; as we have noted already
(^) A.F.Burns and W.C.Mitchell - Measuring Business Cycles"; 
National Bureau of Economic Research, Studies in Business 
Cycles No.2, New York reprint 1947; Appendix A, Table Al,
PP 509-H.(4) Domar does not use the continuous functions when testing 
his work but uses the approximation1
D = 1 - (l~+~~r)mG rm
The error involved in the approximation is negligible but 
in later calculations of the R/D ratio the discrepancy was 
found to be as much as 6 per cent. For this reason the 
calculations have been carried throughout in the original 
continuous functions.
lOi
he takes an m of about thirty years and a rate of growth 
in constant prices of about three per cent;' ' However, 
work in this and preceding chapters points to the errors 
in this approach.
In Table 4.2 the various rates of growth of gross
investment shown in Table 4.1 have been applied, along
with the various values of m, to equation (1). For an
obvious reason the value of the D/G ratio differs markedly
between the two categories meaaaring the rate of growth in
current and constant prices. In addition we can see that
the higher the rate of growth of gross investment and the
average life-span of the gross capital stock, the lower
is the D/G ratio. When the estimates shown in this table
are compared with those estimates which can be read off
from the tables of gross investment and depreciation in
Chapter 2, we get the same sort of problem discussed in
the treatment of the average life-span of the gross capital
stock. The comparison suggests an average life-span of about
thirty years because the D/G ratio based upon equation (1)
differs markedly from that taken from the actual data from
1897 to 1949* In the latter case the D/G ratio for the
whole period is about 7O.8 per cent in constant prices or
56.7 per cent in current prices; for the shorter period
(5) There is one qualification; he does provide a table - 
p 8 - which shows combinations of r and m and their 
relationship with the D/G ratio.
Table 4.2 - Estimates of the final value of the Ratio 
of Annual Depreciation to Annual Gross
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Investment
1. 1397-1929 
a. One year estimates
I, Current prices
II. Constant prices
_____ill________ _____
Rate of Average life-scan^in years) 
Growth 30 33 3 5 p * f 0  43
(t)___________ __________________
6.64 4 3 .4 40.5 38.8 36.5 35.O 33.O 
3.61 61.1 58.4 56.8 54.4 52.9 50.8
b. Four year average 
estimates
i. Current prices 
11. Constant prices
7.13 41.0 38.3 36.6 34.3 32.8 30.9  
4.16 57.1 54.4 52.7 50.2 48.7 46.6
c. Least squares 
estimates
i. Current prices 6.78
ii. Constant prices 3.34
2 . 1897-1949
a. One year estimates
i. Current prices 5*84
ii. Constant prices 2.83
b. Four year average 
estimates
i. Current prices 5*67
ii. Constant prices 2.84
42.7 39.9 38.2 35.9 34.4 32.4  
63.2 60.6 59.0 56.6 55.2 53.1
47.2 44.3 42.6 40.2 38.7 36.6  
67.4 65.0 63.5 61.3 59.9 57.8
48.1 49.2 43 .5 41.0 39.5 37.4 
67.3 64.9 63.4 61.2 59.8 57.7
c. Least squares 
estimates
i. Current prices
ii. Constant prices
3.94 58.7 56.0 54.3 51.8 50.3 48.2 
1.63 79.1 77.3 76.2 74.5 73*5 71.9
between 1897 and 1929 the ratios are 59*2 per cent and 48.6 
per cent respectively•
These figures all Suggest that the average life-span 
is something less than thirty years except in those cases 
where the calculations from equation (1) are based upon
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Table 4 .8  -  D isc rep an c ies  In  th e  D/G r a t i o  a r i s in g  from f lu c tu a t io n s  In
annual g ross investm ent
Year Annual Gross 
Investm ent
•Ideal*  Case D/G 
D ep rec ia tio n  r a t i o  
(C um ulative- 
10 y e a rs )
Annual Gross 
Investm ent
Case 1 D/G
D ep rec ia tio n  r a t i o  
(C um ulative- 
10 y e a rs )
Annual Gross 
Investm ent
Case 2 D/G
D ep rec ia tio n  r a t i o  
(C um ulative- 
10 y e a rs )
10 155.118 125.771 81.08 155.118 125.771 81.08 155.118 125.771 81.08
11 162.87*+ 132.058 81.08 162.874 132.058 81.08 162.874 132.058 81.08
12 171.017 1 3 8 .6 6 0 81.08 1 6 0 .0 0 0 137 .5 5 8 85.97 175.000 139.058 79.46
13 179.568 1 4 5 .5 9 2 81.08 1 6 5 .0 0 0 143 .0 3 3 86.69 190.000 147.033 77.39
14 188.547 154.873 81.08 165.000 147.958 8 9 .6 7 2 0 5 .0 0 0 155.958 7 6 .O8
15 197.974 160.517 81.08 180.000 153.804 8 ,5 .45 220.000 165.804 75.36
16 207.873 168.543 81.08 190.000 160.042 84.23 2 3 5 .0 0 0 176.542 75.12
17 218.266 1 7 6 .9 4 1 81.08 200.000 166.642 83.32 2 5 0 .0 0 0 188.142 75.26
18 229.180 185.819 81.08 2 1 5 .0 0 0 174.072 8O.9 6 2 6 0 .0 0 0 200 .0 7 2 76.95
19 240.639 195.110 81.08 2 3 0 .0 0 0 182.299 79.26 2 5 5 .0 0 0 210.799 82.67
20 252.670 204.865 81.08 252.670 192 .0 5 4 76.01 252.670 220.554 87.29
AVERAGE 81.08 8 1 .2 6 1? 78.67
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the ’least squares’* Even in these examples, which are 
significant for examining past performances, the evidence 
points to a lower average life-span than one would expect*
Any notion of an average life-span somewhere between twenty 
and twenty-seven years is outside the bounds of possibility 
and explanations for the discrepancy may be found elsewhere, 
namely in the assumptions about the steady rate of growth 
underlying equation (1)*
Once there is a departure from the steady rate of growth 
of gross investment there must be a discrepancy between the 
ratio derived from equation (1) and the actual estimates 
recorded from data covering actual time series* According 
as the actual rate of growth falls below or rises above the 
steady rate of growth at the outset and then approaches 
the final figure in the time series at a faster or slower 
rate of growth, the ratio of actual depreciation to gross 
investment will be higher or lower than the estimate derived 
from the ’ideal* as expressed by equation (1)* This fact 
throws some light on the importance of the form of the time 
series* The point can be made more clearly with the help 
of some simple examples. The life-span of the capital stock 
will be taken as ten years; in this initial period of ten 
years there has been a steady rate of growth; and the overall 
rate of growth in subsequent years is 5 per cent, i.e. a 
compound interest formula taken from the tenth and twentieth 
years only would give a rate of 5 per cenju-* .With these
I *  L I BR A R Y  r-1
V  y/
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assumptions two examples of fluctuations in the gross 
investment series are compared with the 'ideal* case - the 
constant rate of growth throughout the period - in Table V*3* 
Case 1 represents the first of the situations mentioned 
in the previous paragraph where the rate of growth at the 
outset is less than the steady rate of growth for the entire 
period* When compared with the 'ideal* case we can see that 
an initial D/G ratio above the 'ideal* is recorded but it 
falls steadily as the rate of growth rises sharply in the 
last few years* But the average D/G ratio is above the 
'ideal* ratio for the entire period* In Case 2 the opposite 
effects are recorded. The interesting case from our 
viewpoint is the first as this fallows the same pattern as 
shown in comparisons of the D/G ratios* In the period 
between 1897 and 19*+9 the main problem is the interpretation 
of the calculations in view of the great decline of gross 
investment during the depression and war from 1930 to 19^5* 
Although actual events were more extreme than those 
portrayed in case 1 - gross investment does not fall in any 
year in the example - \te can see that the impact of those 
years would have been of this pattern. Therefore we should 
expect some differences, possibly quite substantial, between 
the estimates based upon an equation incorporating a steady 
rate of growth and those taken from actual time series* 
Nevertheless there are limits on how far we can take
this type of comparison over any period because we do not 
know what has gone on in the years prior to those being 
reviewed; in the work we assume that the initial time 
period has expired and that a steady rate of growth of 
gross investment took place during that time«
There is one other matter. In preceding chapters we 
made the distinction in compiling estimates of the gross 
capital stock of including or excluding the residential 
building sector. The main point here was to distinguish 
between the gross capital stock on which depreciation 
should be charged and that portion on which depreciation 
was charged. ' When the average life-span of this narrowly 
defined gross capital stock was looked into, it was found 
to be shorter by only a few years - the margin between the 
two capital series had declined to about three or four 
years. Looking at Table 4.2 in the light of this difference, 
one sees that this has only a small influence on the propor­
tion of gross investment financed from depreciation 
allowances•
Having regard for the evidence of a decline in the
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(6) The distinction is by no means clear cut. That part of 
residential building erected by commercial enterprise will 
be depreciated in the usual way while no depreciation may 
be charged in other sectors such as government. Goldsmith - 
op.cit.y Vol.IjTable R-29, p 621 - gives data showing private 
ownership of residential buildings; in 1948 it was estimated 
as 9? per cent of one to four family dwellings and 40 per 
cent of multi-family dwellings.
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average life-span of the capital stock, the important result 
stemming from this work is the rising proportion of gross 
investment being financed from depreciation allowances. A 
useful corollary is the finding of support for the evidence 
of an average life-span in the region of forty years rather 
than the thirty years based on the simple case of a ratio 
of the gross capital stock to annual depreciation.
We can now look at the relationship between annual 
replacement and annual depreciation - the object of the 
whole exercise. In this case the measurement of the 
relationship is somewhat more complex than previous work 
as we have to allow for the effects of changes in prices on 
the cost of replacing assets. There are two equations. In 
the first place we have the constant price case
where r is the rate of growth of gross investment, R is 
annual replacement spending and the other symbols are the 
same as in previous equations. The second example is the 
measurement of the same relationship in current prices
III
(2) R/D = rm
eThl - 1
(3) R/D = rm
e ™  - e"im
where r is the rate of growth of gross investment in current 
prices, u is the rate of growth of gross investment in real
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terms (therefore it is the same as the previous r), and i is 
the rate of growth of prices* Thus r less i is equal to u*
In Table 4.4 we have the results of applying the 
various estimates of the rates of growth and the average 
life-span of the capital stock in the same way as in Table 
4*2. As in the last mentioned table we get variations between 
the estimates derived from these equations and the actual 
measurements from the data on annual replacement and annual 
depreciation shown in Chapter 2* When these latter estimates 
are calculated we have an average ratio of annual replacement 
to annual depreciation for the whole period between 1897 
and 1949 of 59*2 per cent in constant prices and 78.5 per 
cent in current prices* For the period between 1897 and 
1929 the ratios are 43.8 per cent and 60.3 per cent 
respectively* Although these variations are by no means 
as great as in the other case, they do reflect difficulties 
experienced with a comparison of the estimates from equation 
(1) and the actual data. Thus the overstatement in the 
B/G ratio should lead to an understatement when the R/D 
ratio based upon actual data is compared with the hypothetical 
ratio derived from equations (2) and (3)*
The estimates on a current price basis are the most 
interesting since they cast light on actual events* Although 
the *}.east squares* estimates of the various rates of 
growth are suspect, they do account for the effects of 
depression and war in a way not possible in the other two
Table 4.4 - Estimates of the final value of the Ratio
of Annual Replacement to Animal Depreciation
______________________________m _________________________________
Rate of
Growth Average life-sr>an( in years)
% 3 0 33 35 38 4 o I + 3-
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1 . 1897-1929a* One year estimates
i. Current prices r=6.64
u=3.6l
ii. Constant prices i=3*03
b. Four year average 
estimates
i. Current prices r=7*l8
u=4.l6
ii. Constant prices i=3*°2
c. Least squares 
estimatesi. Current prices r=6.78
u=3.34ii. Constant prices i=3«44
2. 1897-19^9a. One year estimates 
i. Current prices r=5*84
u=2.83
ii* Constant prices i=3.01 
b* Four year average 
estimates
i. Current prices r=5»67u=2.84
ii* Constant prices i=2.83 
c* Least squares 
estimates
i* Current prices r-'3*94
u=1.63
ii. Constant prices i=2*31
7 8 .1 75.0 7 2 .8 69.6 67.4 64.2
55.4 5 2 .0 49.8 46.6 44.6 41.7
70.7 66.2 6 3 .8 60.1 57.7 54.1
50.3 46.6 44.3 41.0 38.9 35.9
85.9 83.2 81.3 78.4 76.4 73.3
58.1 54.8 51.7 49.6 47.7 44.8
90.7 8 8 .7 87.2 84.9 83.4 8O .9
63.5 6O .5 58.5 55.7 53.9 51.2
88.8 86.6 85.2 82.8 81.2 7 8 .8
63.4 60.4 58.4 55.6 53.7 51.1
104.5l04.4l04.2i03.8l03*5103.0
77*5 75*5 7 4 .2 7 2 .2 7 0 .9 6 9 .0
Note: The rate of growth,u, is the variable applied in the 
constant price calculations.
cases. The evidence indicates that the ratio of annual 
replacement to annual depreciation is quite close to unity
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for the whole period between 1897 and 19*+9* As this ratio 
in the shorter period between 1897 and 19^ +9 shows a wide 
margin between replacement and depreciation it is probable 
that the estimates for the whole period based upon 1least 
squares’ measurement are exaggerated. Nonetheless there may 
not have been much of a margin between the two aggregates.
What can be said generally about these ratios? In the 
determination of D/G, the ratio varies inversely with both 
r and m. Thus a higher rate of growth,r, measured in either 
real or current values, and a greater m reduce the importance 
of depreciation allowances in the financing of gross 
investment. But the relationship between replacement and 
depreciation is the more interesting as it is the core of 
all those models which assume the identity of the two. In 
the constant price case - equation (2) - the ratio varies 
inversely with both r and m. In the other situation where 
price effects are included in the model, the effects are 
more complex. The overall rate of growth, r, has two 
components representing the real rate of growth,u, and the 
rate of price rise,i, so that it is the shifts in these 
components rather than the global total that is important.
An increase in the rate of growth of prices,i, raises the 
cost of replacing assets and the outcome is a rise in the 
R/D ratio. An increase in the re&l rate of growth,u, will, 
as in the earlier case#, lead to a fall in the ratio.
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The effect of a change in m is more obscure* Domar
says there are two effects; in the first place an increase
in the average life-span,m, intensifies the effects of
price changes on the R/D ratio, and secondly, it reduces the
R/D ratio* He goes on to say that should prices fall both
effects work in the same direction and the ratio falls but
should prices rise they work in opposite directions and
the movement in the ratio will depend upon the relative
magnitude of the variables involved
The discussion may be helped with some examples drawn
from equation (3); at the very least Domar's conclusions can
be examined more readily* Some of the more complex relations
can be traced through Table Although the range of
possible examples is limitless the figures used in this
table represent a group of variables likely to be found
in any analysis of a developing economy* First, there is
Domar's case about an increase in the average life-span
intensifying the effects of an increase in the rate of price
rises* The price rise can be seen in the shift from item
1, column 1 - 91.2 per cent - to iem 9, column 1 - 96*5 per
cent; an increase in m, i.e* a shift from column 1 to
column 2 leads to a reduction in the ratio from 96.5 to
91.0 per cent. Rather than intensifying the effects of a
(7) E.D.Domar - oo*cit*T pp 9-10. When Domar is writing about 
price rises he means a rise in the rate of price increase* 
Under his system price rises are taking place all the time 
without having any additional effect upon the R/D ratio*
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rise in the rate of price increase, the increased m mitigates 
the impact of such a change* In fact Domar’s second point 
holds on all occasions - that an increase in the average 
life-span reduces the R/D ratio* Thus, if the rate of price 
increase is falling away at the same time as m is increasing
Table 4*? - Numerical illustrations of the effects of 
changes in prices* rates of growth, and 
the life-span of assets on the R/D ratio
____________________ m _________________ _
Assumed rates of growth Average life-span 30 years 40 years (1) (2)
1.
2.
* «5.
6 •
7 .8.
9*
1=2.5, 
1=3-0, 
1=3-5, 
i-2.5, 
1=2*5, 1=3-0, 
1=3-5, 
l~3-5, 
1=3-0,
u-2.5, r=5-0
u=3*0, r=6.0
u=3-5, r=7-0 
u-3-0, r-5-5 U“3-5, r=6.0 
ii=3-5, r=6*5 u=3*0, r=6*5 
u-2.5, r-6*0 
u-2.5, r=5-5
91.2 85.1
87.8 79.5
83.7 73.583.0 7*+«5
75.5 65.179.6 69.392.4 84.6
101.9 97*1
96.5 91.0
then the effect of changing m is to intensify the reduction 
in the R/D ratio* For example, this shift can be seen from 
item 3, column 1 - 83.7 per cent - to item 5, column 1 - 
75-5 per cent -and then to column 2 of the latter item where 
the ratio falls to 65-1 per cent* Doraar!s slip seems to 
have been the failure to separate the two effects*
The examples discussed above relate to changes in m 
and i. While a rise in i increases and a rise in m reduces
th e  R/D r a t i o ,  a r i s e  in  the  r e a l  r a te  o f growth of g ross 
in v e s tm e n t,u , a lso  reduces th i s  r a t i o .  However, a g iven 
r i s e  in  u has a g re a te r  im pact than  a s im ila r  r i s e  in  i ;  a 
r i s e  in  u by 0.5  p er cen t from item  1 , column 1 to iiem  4 , 
column 1 reduces the  r a t i o  from 91.2  per cen t to  83.0  p er 
cen t whereas a r i s e  in  i  by 0 .5  per cen t to  item  9 , column 1 
r a i s e s  the  r a t i o  to  96 .5  p er c e n t .  I f  each v a r ia b le  r i s e s  
by the  same amount, i . e .  from item  1 to  item  2 , the  r a t i o  
f a l l s .  A r i s e  in  the  r a te  o f growth of p r ic e s  being achieved 
more e a s i ly  than  a s im ila r  r i s e  in  the  r e a l  r a te  of grow th, 
th i s  o f fe r s  r a th e r  co ld  com fort.
IV
C e rta in  conclusions fo llo w  from the d is c u s s io n . F i r s t  
i t  i s  ev e id en t th a t  in f l a t i o n  may wipe out q u ite  e a s i ly  
the  d if fe re n c e  between replacem ent and d e p re c ia t io n . In
/  o  \
Table 4 .5 ,  item  8 shows th is  p o s s i b i l i t y .  Thus we may have
(?) In  h is  a r t i c l e  Domar g iv es a ta b le  showing the  annual r a te  
of in f l a t i o n  re q u ire d  to  e q u a lise  annual rep lacem ent and 
annual d e p re c ia t io n ; see Table I I ,  p 11 of h is  a r t i c l e .  This 
ta b le  i s  reproduced below:
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Annual Rate of I n f la t io n  e q u a lis in g  Replacem ent and
D ep rec ia tio n
Average l i f e - s p a n  
Cm)
R eal r a te  
1
of
p
growth 
____ 3
(u) -  in  p ercen tag es 
_____ 4 ___ 5
10 1.05 2.1 3*3 4 .6 6 .0
20 1.07 2.3 3 .8 5 .5 7 .5
1.11 2 .5 ^•3 6 .6 9.8
40 1.16 2 .7 5 .0 8.3 13.5
114
the situation where the discrepancy between annual replace­
ment and annual depreciation can be ignored, not because of 
any belief in the identity of the two aggregates but because 
inflation makes this theoretical dichotomy an illusion* Yet 
this rationale does not seem good enough since this equality 
is a matter of chance and does not represent an equilibrium 
position. There is no reason for assuming that replacement 
and depreciation come to the same thing in any one year* 
Secondly, the usefulness of the distinction between 
the two aggregates will depend partly upon the objectives 
guiding the development of policy in the economy* ' If the 
main objective is the maintenance of full employment, the 
level of either of these two may notmean very much* in this 
sort of situation the main concern will rest with the 
availability of investment outlets. If there is lack of 
such opportunities a high ratio of replacement to depreciation 
and also depreciation to gross investment would be beneficial* 
Inflation, as remedy for unemployment, would not be very 
attractive on this basis because a high rate of growth of 
gross Investmente in money terms) makes for a reduction in 
the D/G ratio* When growth assumes importance in the 
execution of policy, the mobilisation of savings becomes 
a problem. Alow R/D ratio offers one means of meeting this 
situation* Although there may be difficulties in the way 
of getting a rapid increase in the real rate of growth, it 
does seem that, by holding prices to a minimum, the R/D ratio
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will be kept as low as possible. At the same time this
will have the effect of making depreciation allowances a
significant proportion of total gross investment - the D/G
ratio varies inversely with the overall rate of growth of
(9)gross investment.
Thirdly, the analysis supports the heroic generalis­
ation thit growth feeds d>n itself and countries which have 
achieved a high rate of growth will be better able to 
sustain it than those attempting the feat. A low rate of 
growth means a high proportion, if not the whole, of 
depreciation allowances are spent on the replacement of 
assets and that these depreciation allowances are a large 
part of total gross investment. A rise in the rate of 
price increase does not help to overcome the problem.
The models presented in this chapter are hemmed in
with restrictions because of the extremely rigid assumptions
and the degree of aggregation implicit in m. If productive
(9) One point which Domar appears to overlook is the relation between the two ratios; they do not react in 
precisely the same way to changes in the rate of growth of 
gross investment. Confusion can arise because Domar uses 
the symbol,r, for measuring both the •real* and »money* 
rates of growth in the model showing the D/G ratio whereas 
he distinguishes between the real,u, the price rise,i, and 
the overall rate of growth,u+i=r, when dealing with the 
K/D ratio. Thus the best of each possible world, for 
expanding productive capacity, would appear to be a high 
real rate of growth coupled with a negligible price rise.
In this way the D/G ratio would be maximised, at the given 
real rate of growth, while the R/D ratio would be minimised.
116
capacity declines slowly over the life of an asset, the 
difference between replacement and depreciation will 
largely disappear; if the decline is along a straight line, 
they will be identical. The evidence for ’one-hoss shay’ 
investment is not abundant but Terborgh's figures on the 
intensity of use of some items of capital equipment are not 
very satisfactoryl"1*^ If technical obsolescence is the main 
reason for replacing plant then one may expect the 1one-hoss 
shay* variety to be fairly common. If such obsolescence 
is not a major factor then a steadily declining capacity 
should be more common.
Again there is the assumption about straight-line 
depreciation. As we know the postwar scene has shown that 
there is a tendency to encourage substantial initial write­
offs. This would accentuate the difference between replace­
ment and depreciation and reinforce the case made for 
distinguishing between them. This is shown in Chapter 2,
Table 2.6 where the actual allowances in the national income 
estimates are compared with the estimates of depreciation 
compiled upon a linear basis; the difference during the 
postwar years 19^6/19^9 is very large - a margin of 20 to
(10) G.Terborgh - Dynamic Equipment Policy, pp 1Ö-21. Terborgh 
gives eight examples of the relation between the age of 
equipment and intensity in use. But, as he admits himself, 
the estimates relate to a sample taken of the work done by 
the various items of equipment of different ages in a 
specific year or two years at most. There is nothing to 
show the use of such items in each year of its life which is 
the requirement for testing the assumed relationship between 
age and use.
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25 per cent above the linear estimates.
The summary of the relation between the rate of growth 
of gross investment, prices and the average life-span of the 
gross capital stock would suggest the first of the three as 
the most important. However, there is one aspect to the 
average life-span of assets which should not be overlooked.
A shorter average life-span will reduce the difference 
between annual replacement and annual depreciation so that, 
other things being equal, the expansion of productive 
capacity will be smaller than in the case of an average 
life-span of greater length. Yet this misses the possibility 
that the fruits of technical progress will be more rapidly 
incorporated in a capital stock with a shorter average 
life-span than one with a long life, This feature may offset 
any of the benefits of an additional expansion of capacity.
Chapter ? 118
The Limitations of Capital Coefficients 
I
Most of the models describing the growth of an economy 
observe the custom of setting constant values to each of the 
main parameters - the capital coefficient and the propensity 
to save. In some cases they alter owing to assumptions about 
the existence of ceilings or, in others, change slowly in a 
given way. Despite the frequent recognition that these 
variables show marked fluctuations there have been few 
attempts to examine the coefficients of the main components 
of the capital stock. Such an examination may help in showing 
why certain changes have taken place in the past and, more 
important, illustrate the deficiencies in an approach which 
is concerned solely with the overall capital coefficient. At 
the same time we should take account of the divergence between 
gross and net estimates of the capital stock. Indeed the 
main purpose of this chapter is to compare the effects of 
using these different measures of the capital stock.
In Sections II and III of this chapter the results of 
using gross and net estimates are compared. The work is based 
upon data for the United States economy between 1900 and 
194-9« The former section contains the comparison of the gross 
and net estimates as well as a breakdown of these capital 
stock figures into housing and nonhousing components. The 
latter section covers an analysis of this work. In Section IV
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the effects of farther disaggregating the capital stock
estimates are discussed while in Section V some conclusions
suggested by the work of the chapter are advanced. Throughout
the remainder of this section we will be concerned with
clarifying some preliminary problems.
There are two aspects to the problem of measurement
which should be mentioned at the outset. First, there is the
computation of the gross national product for the United
States; the estimates presented in this chapter are in
constant (1929) prices. Although the literature on the
development of such estimates is voluminous, a wide margin
still exists between one set of estimates and another. Part
of this discrepancy can be accounted for by the different
definitions adopted in the various studies. Goldsmith presents
estimates- in his savings study which differ markedly from
some other workl^ Kuznets has been revising his earlier
figures of gross national product during the last few years
but these have not been published in any complete form.
However, his latest estimates have been made available
privately and are used throughout this chapter; they do not
differ very significantly from the selected material which
(?)has been published recently; In Table 5*1 estimates of the
(1) R.V/.Goldsmith - A Study of Saving in the United Statesf“ 
Vol. Ill, Table N-2, p 429.
(2) Published estimates for a few selected years are shown in 
R.A.Gordon - “Population Growth, Housing, and the Capital 
Coefficient“«American Economic Review. June 1956; PP 309-11*
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gross  n a t i o n a l  product  in  cons tan t  (1929) p r i c e s  compiled 
by Goldsmith and Kuznets are  compared fo r  a few s e l e c t e d  
y ea rs  • While the  yea rs  up to  1929 show only a small  
d isc repancy  -  an e r r o r  of about 3 per  cent  -  th e re  i s  a 
widening of t h i s  gap in  the l a s t  two decades« By 1949 the  
Table 5 .1  -  Gross N at iona l  Product« s e l e c t e d  dates
1900-1949
ff b i l l i o n s (1929 p r i c e s )
Year Goldsmith Kuznets Year Goldsmith Kuznets
1900 37 A 36.6 1929 103.8 101.4
1903 43.6 43.4 1939 110.3 103.7
1912 55.5 58.2 1948 172.9 156.8
1913 57.8 60.8 1949 172.0 154.0
1923 84.0
Note: 1 .  Both s e r i e s  are based upon the o f f i c i a l  n a t i o n a l
income e s t im a te s  prepared  by the  U.S.Department of 
Commerce. P a r t  of the d i f f e r e n c e  l i e s  in  the 
procedure adopted by the two s t a t i s t i c i a n s .  Goldsmith 
merely l in k s  h i s  s e r i e s  f o r  the  e a r l i e r  y ea rs  to  the  
o f f i c i a l  e s t im a te s  whereas Kuznets adapts  these  
e s t im a te s  to  the  d e f i n i t i o n s  used in  h i s  s tudy of 
the  e a r l i e r  y e a r s .
2 .  The es t im a te s  of GNP prepared  by Kuznets and 
pub l ished  in  Gordon*s a r t i c l e  are as fo l low s :
36.3, 42.3, 53.5, 56.5, 80.2, 98.4, 97.5, 150.5
and 149 .2 .
margin i s  as much as 12 per  c e n t .  Because of t h i s  d i f f e r e n c e  
c a l c u l a t i o n s  fo r  the  l a t e r  yea rs  e s p e c i a l l y  a re  based upon 
both s e r i e s .
The second p o in t  i s  more fundamental to  the  l a t e r  
a n a l y s i s .  In n e a r ly  a l l  the  s tu d i e s  of the  r e l a t i o n  between 
c a p i t a l  and ou tput  the s tock  e s t im a te  used in  the work i s
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based upon n e t ( o f  d e p re c ia t io n )  in v es tm en t. But, as we have 
seen in  the e a r l i e r  ch ap te rs  where the  o r ig in a l  p ro p o s i t io n s  
made by Domar were t e s t e d ,  th e re  i s  no reason  to  b e l iev e  the 
e q u a l i ty  of annual replacem ent and annual d e p re c ia t io n .  For 
v a r io u s  reasons  s e t  out in  Chapter 1 an e s t im a te  of the  
c a p i t a l  s to c k  based upon g ross investm ent le s s  replacem ent 
i s  a more u se fu l  measure of p ro d u c tiv e  ca p ac ity  than  one 
aggregated  from annual n e t ( o f  d e p re c ia t io n )  in v es tm en t,  (This 
conc lusion  i s  based upon th e  *one-hoss sh a y1 assumption 
about investm ent but i t s  v a l i d i t y  w i l l  be reviewed in  the 
nex t chap te r  where the  assum ptions about replacem ent and 
d e p re c ia t io n  a re  r e l a x e d ) .
N everthe less  c e r t a in  l im i t a t io n s  in  the use of gross 
c a p i t a l  s to c k  e s t im a te s  do e x i s t .  In the  f i r s t  p lace  the l iv e s  
of a s s e ts  are  assumed on the whole to  be the same fo r  the 
e n t i r e  p e r io d  fo r  which e s t im a te s  of g ross  investm ent and 
replacem ent are  r e q u i r e d .  In some cases t h i s  extends as f a r  
back as 1836, Secondly, th e re  i s  no way in  which c e r t a in  
asp ec ts  of t e c h n ic a l  p ro g ress  can be allowed fo r  in  these  
c a lc u l a t i o n s .  And te c h n ic a l  p ro g ress  and new products  can 
a f f e c t  the r e t i r e m e n t  da tes  of o ld e r  items in  the c a p i t a l  
s to c k .  The f in d in g  of a tren d  in  the  c a p i t a l /o u tp u t  r a t i o  
may have to  be q u a l i f i e d .  I t  w i l l  be r e c a l l e d  th a t  e s t im a te s  
of the c a p i t a l  s to c k  based upon th e  cos t of p roduc tion  of
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a s s e t s  do not  take in to  account des ign  improvements in  
e s t im a t in g  p ro d u c t iv e  c a p a c i ty .  This means t h a t  our e s t im a te s  
w i l l  under -es t im a te  the  cap ac i ty  of the e x i s t i n g  c a p i t a l  
s to c k .  With t h i s  type of t e c h n ic a l  p rogress  tak ing  p lace  
we have a p o s s ib le  f a l l i n g  c a p i t a l / o u t p u t  r a t i o  which i s  
concealed  completely from us .
One f i n a l  p o i n t .  One of the  main th ings  h in d e r in g  the
i n t e r p r e t a t i o n  of c a p i t a l / o u t p u t  r a t i o s  i s  the  f a c t  t h a t
most of the  s e r i e s  used in  t h i s  work cover pe r iods  of
f l u c t u a t i o n  between boom and d ep re s s io n .  In these  c ircum stances
r e s u l t s  of s t a t i s t i c a l  a n a ly s i s  do not give the  same answer
as f o r  f u l l  employment growth. Thus average c a p i t a l / o u t p u t
r a t i o s  -  decade averages f o r  example -  may not  be a very
a c c u ra te  measure of the  a c tu a l  r a t i o s  we should be co n s id e r in g
when t r e a t i n g  the  eq u i l ib r iu m  r a t i o s  f o r  f u l l  employment
g r o w t h I n  t h i s  chapter  the method chosen to  overcome the
d i f f i c u l t y  i s  to  take the r a t i o s  e x i s t i n g  a t  times of ’f u l l
employment’ . In t h i s  way i t  i s  hoped to  approximate co n d i t io n s
where the c a p i t a l  s tock  i s  being used a t  f u l l  c a p a c i ty .  The
(3) A qu es t io n  should be r a i s e d  about the e s t im a te s  of long-  
run changes in  c a p i t a l / o u t p u t  r a t i o s .  F e l ln e r  uses decade 
averages f o r  computing these  e s t im a te s :  see h i s  two papers  
11 The C ap i ta l -O u tpu t  R a t io  in  Dynamic Economics” , Money. Trade 
and Economic Growth: Macmillan, New York 1951; pp 105-13I+ and 
’’Long-Term Tendencies in  P r iv a t e  C a p i ta l  Formation; The Rate 
of Growth and C a p i ta l  C o e f f i c i e n t s ” ; Long-Range Economic 
P r o j e c t i o n : S tud ies  in  Income and Wealth, Volume l£>, by the 
Conference on Research in  Income and Wealth; N at iona l  Bureau 
of Economic Research Report ,  P r in c e to n  195^ + • As th ese  e s t im a te s  
cover a r b i t r a r y  p e r io d s ,  perhaps not even r e l a t e d  to  the
main purpose in adopting this approach is to get some basis 
on which to compare measurements using both the gross and net 
capital stock estimates• Several objections can be raised 
such as the degree of error in annual data of this kind and 
the assumption that these ’full employment’ years represent 
an equilibrium. While the comments are pertinent the only 
alternative is not to attempt the exercise at all.
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II
In his recent article Gordon tests the measurement of
the capital coefficient for a few selected years between
. (4)1900 and 1949. One objective is the examination of certain 
ideas about the need for disaggregation but he also carries 
out an analysis of the full employment requirements of the 
thirties in the light of developments during the twenties.
The interesting feature for us is not so much the results 
but the fact that he uses a net capital stock estimate for 
measuring the capital/output ratios. His work provides an 
interesting framework in which to compare the relative merits
(3) -continued- business cycle, the results can be illusory. 
In ’’The Capital-Output Ratio” article he makes ’’the working
hypothesis that decade-averages for the six decades........
reflect intended(or expected) values of the variables in 
question.”; see p 128 of that article. For the decades after 
1929 he says this assumption is unjustified. Yet how does 
one tell when an estimate for one decade smoothes out 
fluctuations while this is not true for another period. Is 
it because personal experience points to the limits of this 
approach.
(4) R.A.Gordon - o p .cit.« pp 307-322.
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of the two methods of computing the various capital 
coefficients• And the opportunity will be taken to carry 
the disaggregation process further than Gordon envisaged in 
his article. As the estimates of the gross national product 
of the United States used in the calculations are more 
recent than those shown in Gordon’s article there are some 
differences between the net capital coefficients appearing 
in this chapter and the ones appearing in his work.
In Table 5*2 the overall capital/output ratios based 
upon both the gross and net capital stock estimates are 
shown for those selected years conforming with the notion 
of »full employment*• A comparison of the two sets does not 
disclose any startling difference between them. The average 
and marginal coefficients do not show great variation except 
in one case. This is in the period from 1929 to 1939; when 
computed on a net basis the average capital coefficient shows 
a fall between the two years but the gross computation gives 
a movement in the opposite direction. In the former case the 
average capital coefficient changes from 2.81 to 2.57 whereas 
the gross average capital coefficient rises from 3.57 to 
3.82. The low level of the average net capital coefficient 
in 1939 is hard to reconcile with the subsequent rapid rise 
of output during the war years. The year 1939 does not really 
fulfil the requirement of using »fill employment» years only
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Table 5 .2  -  C ap ita l/O u tp u t R a tio s : s e le c te d  years
1901-1949
& b i l l i o n s (1929 p r i c e s )
Year Net
A ctual
Cl)
C a p ita l
Change
C2)
Stock
C o e ff ic ie n ts  
Avge Margl 
Cl) C4)
Gross
A ctual
(?)
C a p ita l S tock
C o e ff ic ie n ts  
Change Avge Margl 
(6) C7) (8)
1903 113.1 2 .61 142.6 3.29
1913 162.8 4 9 .7 2 .68 2.86 214.8 72.1 3.53 4 .1 4
1923 224.5 61 .7 2 .71 2.78 285.7 70.9 3 .44 3 .1 9
1929 284.8 60 .3 2 .81 3.23 362.2 76 .5 3.57 4 .1 6
1939 266 #0 -1 8 .8 2 .57  •-8.17 395.9 33.7 3.82 14.65
1949 330.7 64.7 2 .15 I .29 462.8 66.9 3 .00 1.33
N ote: 1« Columns (1) and (2) from R.A«Gordon -  o p . c i t .« P 109.
Columns (3) and (4) are  ob ta ined  by d iv id in g  columns 
(1) and (2) by d a ta  on the  g ross n a t io n a l  p ro d u ct 
taken  from Table 5*1.
Columns (? ) and (6) from Chapter 2 , Table 2.5*
Columns (7) and (8) are  ob ta ined  by d iv id in g  columns 
(5) and (6) by d a ta  on the  g ross n a t io n a l  p roduct 
tak en  from Table 5*1*
2 . The m arg ina l c o e f f ic ie n t  used in  th i s  and subsequent 
ta b le s  has a s p e c ia l  meaning s in c e  i t  r e f e r s  u su a lly  
to  changes in  agg rega tes from one p e rio d  to  the 
n e x t .  A more c o r re c t  term  would be in c re m e n ta l*  bu t 
te rm ino logy  adopted by Gordon in  h is  a r t i c l e  has 
been p re se rv ed  to  p rev en t co n fu sio n .
but as the  whole decade of the t h i r t i e s  was one of unemployment 
1939 seems to  be th e  most s u i ta b le  year to  use in  the 
c a lc u la t io n s .  This would suggest th a t  the  f u l l  employment 
le v e l  of the  average n e t c a p i ta l  c o e f f ic ie n t  would have been 
even lower than  th a t  a c tu a l ly  reco rded  fo r  1939*  The d i f f i c u l t i e s  
of in te rp r e t in g  th i s  change from 1929 to  1939 are  w ell 
known and Gordon has no o th e r ex p lan a tio n s  to  o f f e r ;  M0f 
p a r t i c u la r  i n t e r e s t .................... the  low value of the  c o e f f ic ie n t
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in 1939 despite the presumed existence of considerable idle 
resources in that year.*1 ^ 5)
The difference between the gross and net estimates of 
the average capital coefficient in 1939 permits a comparison 
of the usefulness of the two methods of measuring the capital 
stocki°'; The models we have been dealing with relate to 
conditions where there is a steady rate of growth so that, 
with the !one-hoss shay’ assumption about replacement, annual 
depreciation will exceed annual depreciation* Depreciation is 
a function of all past investment now operating whereas 
replacement is the current price equivalent of the gross 
investment which has just been retired. But in a period of 
downturn in activity, following relatively high expenditures 
on investment, depreciation may exceed annual gross investment
( 5 )  I b i d . ,  pp  3 0 9 - 1 0 .
(6) When the GNP series taken from Goldsmith are used in place 
of Kuznets’ estimates the results are much the same. The 
sharper downtrend follows from the differences in the estimates 
follow from the widening in the margin between the two GNP 
series after 1929.
Year Goldsmith’s Net Capital Stock Gross Capital Stock
GNP Coefficients Coefficients
series Average Marginal Average Marginal
1903 4 3 . 6 2 . 5 9 3 . 2 7 .
1913 5 7 .8 2.82 3 . 5 0 3 . 7 2 5.08
1923 8 4 . 0 2 . 6 7 2 . 3 5 3 . 4 0 2.71
1929 IO3.8 2 . 7 4 3 . 0 5 3 . ^ 9 3 . 3 6
1939 110.3 2 . 4 1 -2.89 3 . 5 9 5.18
19V9 172.0 1 . 9 2 1.05 2 . 6 9 1.08
12?
so that a fall in the net capital stock is recorded. On the 
other hand the volume of replacement may be less than the 
reduced level of gross investment and the gross capital stock 
may continue to increase# This was much the sort of experience 
in the United States during the thirties# Thus when comparing 
the gross and net capital coefficients from 1929 onwards, 
the gross measure does seem to give a more ’reasonable1 
interpretation of events. Certainly the rise in the average 
gross capital coefficient between 1929 and 1939 suggests 
the existence of productive capacity which was to be 
utilised fully in the wartime expansion of output. Furthermore 
the extent of the fall in the gross and net estimates of the 
average capital coefficient between 1929 and 19J+9 differ 
markedly. The net coefficient fell by over 23 per cent from 
2.8l to 2.15 whereas the average gross estimate declined only 
some 16 per cent from 3*57 to 3.00.
Gordon sees nothing in the 1929 net coefficients 
suggesting the development of excess capacity when these are 
compared with the coefficients for earlier times. He has one 
reservation. The long-run coefficients may have been showing 
a marked downtrend though confirmation of this point is hampered 
by the lack of data for a sufficiently long period prior to 
the twenties. A review of the period from 1903 to 1929 does
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not show any long-run decline in the average net capital
coefficient; it was 2.6l in 1903? 2.68 in 1913, 2.71 in 1923
and 2.31 in 1929« Nevertheless it might be held that the
marginal net capital coefficient for 1923-29 was much above
the two preceding estimates for 1913-23 and 1903-13; this
would indicate a rate cf growth of the net capital stock
and the average net coefficient which could bring excess 
(7)capacity;1 7 The marginal gross coefficients do not show this
(7) The usefulness of comparing the marginal coefficients 
can be questioned. The calculations by A.F.Burns and W.C. 
Mitchell - Measuring Business Cycles: National Bureau of 
Economic Research, Studies in Business Cycles No.2, New York 
19^7 reprint; Appendix A, Table Al, pp 509-11 - show the long 
lag between {.he peak of one cycle in I9I2-I3 and the next in 
mid-1917 which would seem to suggest a major downturn after 
1912-13. But the recovery stage from 191? to 1917 was a 
period in which production expanded far above the peak in 
1912-13» Despite the stimulus of the European war, this long 
recovery stage leads one to ask how much significance can 
be attached to a comparison with the 1903-13 marginal net 
coefficient. On the evidence the answer seems to be not very 
much.
The danger of placing too much reliance on the marginal 
coefficients when interpreting events is apparent in this case. 
If the earlier estimates of gross national product presented 
in GordonTs article are used vie get substantial changes in
the marginal net 
in the following
coefficients. The 
table:-
different results are shown
Year Gross National Product Marginal Capital Coefficient
Gordon1s Unpublished Gordon’s Unpublished
article (Table 5.2) article (Table 5.2)
1913 56.5 60.8 3.50 2.86
1923 80.2 33.0 2.60 2.78
1929 98.4 101.4 3.31 3.28
Thus small changes in estimates of the gross national product, 
which are v;ell within the limits of possible errors, can 
give very conflicting answers.
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pattern. With the very tentative qualification about the 
marginal net coefficients, the gross aswell as the net 
estimates substantiate Gordon’s conclusion that there is 
little evidence by which one might have anticipated the 
catastrophic downturn of the thirties.
As these calculations do not provide an explanation 
for the events of the thirties or changes in the capital 
coefficients Gordon introduces a degree of disaggregation 
into the model. Ke separates the nonfarm housing from the 
other components og the capital stock and brings into the 
calculations an additional factor - the rate of growth of 
population. The reason for the choice of nonfarm housing 
lies in the fact that the essential item in an analysis 
of housing expenditure is the internal migration from farm 
to city. If this is not attempted a discussion of housing 
capacity and household size would be meaningless in the 
United States environment. A difficulty hinders the 
treatment of the gross capital stock estimates on the same 
basis as Gordon’s examination of the net position. Gordon 
uses estimates of the nonfarm housing stock taken from a 
book only recently available in this country as well as
( O N
from the more familiar estimates compiled by Goldsmith
(8) L.Grebler. D.M.BlankT and L.Winnick - Capital Formation 
in Residential Real Estate : Trends and Prospects; National 
Bureau of Economic Research, hey York October 195A, Princeton.
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As he thinks that Goldsmith’s estimates overstate the 
amount of residential expenditure, at least during the 
twenties, Gordon uses the newer estimates compiled by 
Grebler and his associates!"'^ Yet the differences 
restillting from the use of this later series in place of 
Goldsmith’s estimates are insignificant; for this reason 
the comparisons between the gross and net estimates of the 
capital stock are made on the basis of Goldsmith's estimate 
of nonfarm residential construction. In Table 5*3 the gross 
capital stock is split in two components - nonfarm housing 
and the rest - and these are related to the gross national 
product and the number of nonfarm households. It should be 
noted that the years covered in this table do not correspond 
with those in the preceding table because data on nonfarm 
households was not available for some of the years used 
previously. When the capital coefficients are re-examined 
in the light of these new features, a different pattern is 
disclosed. The average housing coefficient shows a marked 
rise over the brief interval from 1923 to 1929 suggesting 
the development of excess capacity in the nonfarm housing 
sector. One can cite additional evidence to support this 
judgement. In the first place gross residential investment 
was falling off from 1927 onwards as can be seen in Chapter 
2, Table 2.3. Secondly, average expenditure per dwelling 
unit had been falling away since the turn of the century 
(9) R.A.Gordon - op.cit.. n 315. footnote 1^.
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T ab le  -  The r e l a t i o n  o f  Components o f  t h e  Gross 
C a p i t a l  S to c k  t o  t h e  G .N .P .  and Nonfarm 
H o u s e h o ld s :  s e l e c t e d  y e a r s  1900-1948
l  b i l l i o n s (1929 p r i c e s )
Y ear G ross  C a p i t a l  S to c k G .N .P . Nonfarm Average R e l a t i o n  o f
House- C a p i t a l  nonfarm
e x c l u d i n g nonfarm h o ld s Output h o u s in g  t o
nonfarm h o u s in g R a t i o nonfarm
h o u s in g h o u s e h o ld s
(1) (2) (2) (4) (? ) (6)
1900 8 3 . 5 4 i . 4 3 6 . 6 1 0 .3 2 . 2 8 4 . 0 2
1912 144 A 6 l  .6 5 8 .2 1 4 .9 2 .48 4 . 3.3
1 9 2 3 2 0 1 .0 8 4 .7 8 3 . 0 1 9 .6 2 .4 2 4 . 3 2
1929 2 4 8 .4 1 1 3 .8 1 0 1 . 4 2 3 .1 2 .4 5 4 . 9 3
1939 2 7 3 .6 122 ,3 103 .7 2 7 .7 2 .6 4 4 . 4 2
1 9 ^ 8 3 1 7 .9 131 .8 1 5 8 . 8 3 4 .7 2 .0 0 3 . 8 0
K o te :  1 .  Columns ( l )  and (2)  from C h a p te r  2 ,  T ab le  2 . 5 .
Column (3)  from T ab le  5*1*
Column (4)  from R.A.Gordon -  o p , c i t . ,  T ab le  I I ,  p 311;  
m i l l i o n s  o f  nonfarm h o u s e h o l d s .
Column (5)  i s  Column (1)  d i v i d e d  by Column (3 )*
Column (6 )  i s  Column (2)  d i v i d e d  by Column ( 4 ) .
2 ,  In  h i s  work Gordon r e f e r s  t o  th e  r e l a t i o n s h i p  
shown i n  Column (6)  as t h e  ’a v e ra g e  h o u s in g  
c o e f f i c i e n t ’ ; a l t h o u g h  t h i s  t e r m in o lo g y  i s  a 
d e p a r t u r e  from th e  u s u a l  use o f  c o e f f i c i e n t  i t  
w i l l  be c o n f i n e d  i n  t h i s  c h a p t e r  t o  p r e s e r v e  
c o n t i n u i t y  w i t h  G o rd o n 's  a n a l y s i s .
th o u g h  t h i s  may have  been  a r e f l e c t i o n  o f  t h e  d e c l i n e  i n  t h e  
s i z e  o f  f a m i l i e s T h e  s i g n i f i c a n t  r e l a t i o n s h i p  h e r e  i s
(10)  In  h i s  a r t i c l e  -  I b i d , ,  p 312 -  Gordon s t a t e s  t h a t  t h e  
d e c l i n e  i n  th e  s i z e  o f  nonfarm  h o u s e h o ld s  and th e  a v e ra g e  
r e a l  e x p e n d i t u r e  p e r  d w e l l i n g  u n i t  were i m p o r t a n t  p i e c e s  
o f  s u p p o r t i n g  e v id e n c e  f o r  t h e  argument  a b o u t  t h e  e x i s t e n c e  
o f  e x c e s s  c a p a c i t y  i n  nonfarm r e s i d e n t i a l  h o u s in g  by 1929«
See a l s o  L . G r e b l e r ,  D .M.Blank,  and L .W innick  -  o p , c i t , ,
T ab le  23 ,  p 82 and C h a r t  12 ,  p 107*
Y e t ,  w i t h  a g i v e n  p o p u l a t i o n ,  a d e c l i n e  i n  th e  s i z e  o f  
h o u s e h o l d s  would mean a r i s e  i n  t h e  number o f  h o u s e h o ld s  and 
i t  i s  t h e  number o f  h o u s e h o ld s  which a re  s i g n i f i c a n t  f o r  
T ab le  5 »3* A judgem ent  a b o u t  th e  e x i s t e n c e  o f  e x c e s s  c a p a c i t y  
w i l l  depend upon a r e l a t i o n s h i p  be tw een  th e  r a t e  o f  i n c r e a s e  
i n  t h e  number o f  h o u s e h o ld s  compared w i th  th e  r e a l  e x p e n d i t u r e  
p e r  d w e l l i n g  u n i t  and th e  g row th  o f  p o p u l a t i o n .
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the number of households rather than the size of them; the 
data in Table 5*3> column 6 does not show any long-run down­
trend •
However our main interest lies in the comparison of 
the gross and net coefficients. In Table the average 
and marginal coefficients are shown for both the gross and 
net capital stock estimates. Let us look at the housing 
coefficients. If we accept Gordon’s view that Grebler’s 
estimates are more accurate than Goldsmith’s series on 
residential building there is less evidence to support his 
claim for the existence of excess capacity unless we place 
more reliance on two suspect series,i.e. the long run 
downtrend of the housing coefficient and the marginal 
coefficients. Yet it would be unlikely if the possible error 
incorporated in the various measures of the marginal capital 
coefficient were sufficient to eliminate the great increase 
between 1923 and 1929* The main contrast between the gross 
and net coefficients is the greater stability of the former. 
Thus the fall in the average housing coefficients between 
1929 and 19^8 is much smaller both absolutely and relatively.
The other capital coefficients, excluding nonfarm 
housing, may be scrutinised. Once again the main difference 
between the gross and net series is the shift in the 
average coefficients between 1929 and 1939$ the gross measure 
shows an increase while the reverse holds for the net
Table 5 .4  -  Comparisons of the  Average and M arginal C o e f f ic ie n ts  derived  
from Gross and Net E s tim a te s  of the  C a p ita l  S tock: 1900-1943
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Year Gross C a p i ta l  S tock
C a p i ta l  Housing
C o e f f ic ie n t  C o e f f ic ie n t
(exc lud ing  nonfarm 
housing)
Average M arginal Average M arginal
(1) (2) (3) (4)
Net C a p i ta l  S tock 
Housing C o e f f ic ie n t
G oldsm ith’s 
s e r i e s
Average M arginal
(5) (6)
G re b le r ’s 
s e r i e s
Average M arginal
(7) ( 8 )
C a p i ta l  
C o e f f ic ie n t  
(exc lud ing  non- 
farm housing) 
Average M arginal 
( 9 ) ( 1 0 )
1900 2 .2 8 - 4 .0 2 m m 3.23 « • 3.49 - 1 .8 3 -
1912 2.48 2 o82 4 .13 4 .39 3.27 3.35 3.40 3 .2 0 1.85 1 .8 9
1923 2.42 2 .2 8 4 .32 4 .92 3.35 3 .6 0 3 .1 2 2 .2 3 1.91 2 .0 7
1929 2.45 2 .5 8 4 .93 8.31 4 .0 0 7 .6 6 3.49 5.54 1 .9 0 1 .8 2
1939 2.64 1 0 .9 6 4 .42 1.85 3.17 -O .98 2 .8  5 - 0 .3  5 1 .7 2 -6 .2 2
1948 2.00 0.80 3.80 1.36 2.65 0.56 2.39 0 .5 4 1.44 0 .9 2
N o te :C o lu m n s  (1) and (3) a re  from Table 5»3»
Columns (2) and (4) a re  computed from th e  d a ta  shown in  Table 5 »3«
Columns (5)> ( 6 ) ,  (7 ) j  ( 8 ) ,  (9) and (10) a re  computed from d a ta  in  R.A.Gordon -  o p . c i t . .  
Table I I ,  p 311 -  and from K uzne t 's  e s t im a te s  of g ro ss  n a t io n a l  p roduct shoim in  
Table 5 .1 .
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series. As there is no obvious downtrend in the average 
capital coefficient, gross or net, the sharp rise in the 
gross average coefficient from 1929 to 1939 points to the 
existence of idle facilities in the latter year which were 
to provide the basis of the rapid expansion of production 
in 1941 and 1942, On the other hand, in trying to forecast 
events after 1929, it is difficult finding any evidence 
in support of the argument that excess capacity was 
building up between 1923 and 1929« In both the gross and 
net series there is very little change in the average or 
the marginal coefficients1! nowever there is sufficient 
support to show that an analysis based upon the net series 
alone may give an erroneous picture of developments 
within an economy. The necessity of measuring the gross 
capital stock with a ’one-hoss shay* assumption about the 
behaviour of replacement makes it necessary to hold some 
reservations about the data but it points to the importance 
of looking at the gross as well as the net estimate of the 
capital stock.
(11) There is another difference between the gross and net 
capital coefficients. Between 1912 and 1923 the gross 
average capital coefficient(excluding nonfarm housing) fell 
while the net figures rose over the period. The reason for 
this is the falling-off in gross investment between 1916 
and 1921 at a time when the volume of replacement spending, 
given the ’one-hoss shay’ assumption, was rising steadily.
The main conclusion found by Gordon holds despite
( 1 O)the comparison with the gross coefficients. ' The 
develpoment of excess capacity in the nonfarm housing 
sector between 1923 and 1929 was an important feature in 
the slump of the thirties. As nonfarm housing comprised 
some 25 to 3° per cent of total gross investment during 
the twenties the impact of a decline in this category 
cannot be discounted. More important are the results of 
comparing the gross and net capital coefficients. If 
usefulness in interpreting events is the sole criterion 
of judgement then the gross estimates do give as much 
information as the net ones and, in addition, throw 
more light on some happenings than is available from 
the net estimates alone.
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Ill
In view of the evidence on the importance of nonfarm
residential housing in the expansion of the twenties,
Gordon sets out toefind the magnitude of the adjustment
(12) "When the various coefficients^excluding nonfarm 
housing) are estimated from Goldsmithfs GNP estimates, no 
worthwhile changes are recorded; the following table shows 
these coefficients:-
Year G.N.P. Gross Capital Stock Net Capital Stock
Average Marginal Average Marginal
1 9 0 0 37 .V 2 . 2 3 - 1.79 -
1 9 1 2 55.5 2 . 6 0 3.36 1.94 2 . 2 5
1923 84.0 2.39 1*99 1.89 1 . 8 0
1929 IO3 . 8 2.39 2.39 1 . 8 5 1.69
1939 1 1 0 . 3 2.48 3 . 8 8 1 .6l -2 . 2 0
1 9 ^ 8 172.9 1.84 0.71 1.32 0 . 8 1
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which would have been needed if the average coefficients 
in 1929 had been kept at that level during the thirties•
The question asked is as follows. If there had been no 
prolonged depression and if output per capita had continued 
to grow in the 1930’s at the same rate as in the period 
1923-29} how much net investment would have been needed 
to maintain the 1929 housing and ’nonhousing’ average 
capital coefficients. Three different rates of population 
growth are assumed. In this exercise we will look at the 
auestion from the viewpoint of both gross and net investment 
and compare the results. Certain features of the model 
should be noted as population enters into both main items; 
first, in the households which influence the housing 
component of investment and, secondly, through the 
assumption of growth of output per head. Furthermore there 
are the implicit assumptions that there was no excess 
capacity in 1929 and technology, price relations and the 
like called for the maintenance of the 1929 average 
coefficients«
The question cah be set out in algebraic form:-
(1) ho-39 = I'30-39 + x''3°—39
(2) I'30-39 = k p^_(l+g)l0p39 - y2q29
(3)  I ' ’30-39  h(N39 -  N2 9 }
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The f i r s t  e q u a t i o n  d e f i n e s  t h e  t o t a l  amount o f  n e t  
i n v e s t m e n t ( I )  which f o l l o w s  from th e  a s s u m p t i o n s .
Nonhousing  n e t  i n v e s t m e n t I * ) i s  found by t a k i n g  th e  
o u t p u t  p e r  c a p i t a ( - ^ j )  i n  1929,  compounding t h i s  f o r  t h e  
p e r i o d  1929 t o  1939*1*© . ( 1 + g ) ^ ,  m u l t i p l y i n g  by the  
assumed p o p u l a t i o n  i n  1939  so  a r r i v i n g  a t  a f i g u r e  f o r  
t h e  g r o s s  n a t i o n a l  p r o d u c t  i n  1939;  t h e n  by s u b t r a c t i n g  
t h e  g r o s s  n a t i o n a l  p r o d u c t  f o r  1929 from t h i s  t o t a l  we 
g e t  t h e  i n c r e a s e  i n  t h e  g r o s s  n a t i o n a l  p r o d u c t  over  t h e  
decade*  The r a t e  o f  g ro w th  o f  o u t p u t  p e r  head  i s  e s t i m a t e d  
as 2 p e r  c e n t ;  t h i s  r a t e  c o r r e s p o n d s  t o  a c t u a l  r a t e  r e c o r d e d  
b e tw een  1923 and 1929* The f i n a l  f i g u r e  f o r  n o n h o u s in g  
i n v e s tm e n t  i s  o b t a i n e d  by m u l t i p l y i n g  t h e  i n c r e a s e  i n  
t h e  g r o s s  n a t i o n a l  p r o d u c t  o v e r  th e  decade  by t h e  
r e l e v a n t  n o nhous ing  a v e r a g e  c a p i t a l  c o e f f i c i e n t ( k ) *
E q u a t i o n  (3)  i n d i c a t e s  t h e  method o f  c a l c u l a t i n g  t h e  
i n c r e a s e  i n  n e t  h o u s in g  i n v e s t m e n t  I * *) o v e r  t h e  d e c a d e .
The r i s e  i n  t h e  number o f  nonfarm  h o u s e h o ld s  i s  m u l t i p l i e d  
by th e  a v e ra g e  h o u s in g  c o e f f i c i e n t ( h )  f o r  1929«
This  method o f  d e r i v i n g  t h e  amount o f  n e t  i n v e s tm e n t  
r e q u i r e d  t o  m a i n t a i n  t h e  a v e r a g e  c a p i t a l  c o e f f i c i e n t s  as 
i n  1929 has  t o  be m o d i f i e d  i n  t h e  c a se  o f  g r o s s  
i n v e s tm e n t*  While  a c c r e t i o n s  t o  th e  n e t  c a p i t a l  s t o c k  
can be r e a d  o f f  d i r e c t l y  from th e  change i n  n e t  
i n v e s t m e n t ,  t h e  r e s u l t s  o f  computing th e  t h r e e  e q u a t i o n s
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on a gross basis give the change in the gro^s capital 
stock. This is not the same thing as the total gross 
investment for the period. The change in the gross 
capital stock comprises annual gross investment less annual 
replacement expenditures. An additional calculation is 
required before the gross estimates are comparable with 
the net figures from the three equations. Replacement 
expenditures required during the period from 1929 to 1939 
have to be added to the estimated increase in the gross 
capital stock.
In Table 5.5 we have the results of computing these 
three equations on the basis of net investment. As later 
and, presumably, more accurate estimates were available 
on the gross national product than those used by Gordon 
they were incorporated in the work, so that minor differences 
exist between his series and those shown in this table.
In addition the net figures have been calculated for 
Goldsmith’s estimate of the nonfarm housing stock as well 
as for Grebler’s. Nevertheless there is no great difference 
between the results from either estimate except in the 
special case where the additional nonfarm housing 
investment required to maintain the 1923-29 marginal 
coefficient is calculated. The basis of the three 
different population estimates is straightforward: column 
(1) shows the actual increase recorded during the period 
from I93O to 1939; column (2) assumes that population grew
Table 5.5 - Net Investment needed in 1910-19 to maintain the 1929 Capital Coefficients
with different rates of growth of population and the same rate of growth
of outtettt per head as in 1921-29
With population 
growth actually- 
experienced
(1)
With population 
growth twice 
the absolute 
amount of 1925- 
1930
(2)
With population 
growth twice 
the absolute 
amount of 1920-
1925
a . Assumed population in 1939 - (millions) 130.9 136.3
_______________
140.5
b . Required nonhousing investment to maintain 
the 1929 average net coefficient 58.0 68.1 75.9
c. Assumed number of nonfarm households - 
(millions) 27.7 29.3 30.2
d. Nonfarm housing investment required to 
maintain the 1929 average net coefficient: 
l o  Grebler's estimate 16.1 21.6 24.8
2«, Goldsmith's " 18 .4 24.8 28.4
e o Total required net investment(b+d): 
1 . Grebler's estimate(b+dl)
2c Goldsmith's " (b+d2)
74.1 89.7 100.7
76.4 92.9 104.3
f . Additional housing investment required to 
maintain the 1921-29 marginal coefficient 
1. Grebler's estimate 9 A 12.7 14.6
2. Goldsmith's " 16.8 22.7 26.0
Notes on this table are shown overleaf.
Notes on Table 5.5
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1. Items a, c, and dl have been taken directly from 
R.A,Gordon - o p .cit., Table III, p 33-6*
2. Item b has been calculated from data shown in Table
5A.
3* Item d2 has been calculated by taking the average
housing coefficient in Table column 5 instead of
column 7*
*+. Item f is calculated from the difference between the average 
and the marginal coefficients •, for Grebler and associates 
this is 5 .5V less 3**+9 and for Goldsmith 7 *66 less b.00.
It is only in this case that the difference in the 
two sets of estimates of residential housing expenditure 
makes for a large discrepancy between the results. If 
these estimates are included in the overall calculation 
this would mean a further large rise in the average 
housing coefficient between 1929 and 1939* In the light 
of previous comments this would appear an unlikely 
assumption.
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by the same amount as in 1925-30 and this abstracts roughly 
from the effects of the depression upon the increase in 
population but allows for the drying up of immigration; 
and, in column (3) it is assumed that population increased 
by twice the amount between 1920 and 1925 which abstracts 
from the effects of a falling off in immigration.
What conclusions does Gordon derive from these 
calculations? Looking at column (2) he shows that there would 
have been about #92 billions of net investment during the 
decade; this must be compared with an annual average of 
#9*2 billions for 1926-29 and a total of # 9*5 billions 
in 1929* In short, without an increase in the average 
coefficients, the rates of growth of output per head and 
population prevailing w^ ould have been insufficient to 
bring about an upward trend in net capital formation 
during the thirties. If there was some evidence of a falling 
trend in the average coefficients as Gordon does suggest 
at one stage of his argument, the adjustment problem w'ould 
be magnified; as the tables show in this chapter, the 
evidence up to 1929 is inconclusive. There are other aspects 
tending to offset this initial pessimism. The net saving 
ratio v/as declining from the beginning of the century while 
gross saving had been constant between 20 and 22 per cent 
of the gross national product. With the ratio of depreciation 
to gross national product rising from 9*8 per cent in 1904-13
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to about 11.2 per cent in 1919-28, Gordon concludes that, 
under the growth conditions postulated, net saving would 
have been about 8.5 per cent of the gross national product 
in 1930-39• This would have meant a total net saving for the 
decade of about #100 billions. Net investment at #92 billion 
was about 7*8 per cent which would have been insufficient 
to absorb the estimated full employment net savings. If 
the 1923-29 marginal net housing coefficient had been main­
tained during the thirties,i.e• item f incorporated in the 
estimates, the gap between the two series would have 
been bridged.
When'the first and third columns in Table 5*5 are
compared, one can see the effects population growth can
have upon net capital formation. With the actual population
increase recorded, the maintenance of the 1929 average
coefficients would have required on}y#74.1 billions of net
investment throughout the decade. This is much below the
assumed level of net full employment savings. With a
population increase on the basis of what occurred in the
early twenties there would have been sufficient net
(11)investment to mop up these savings. J
(13) When the estimates based upon the Grebler and Goldsmith 
figures are compared the discrepancy seems very small 
except in the case of item f where there is an appreciable 
margin. The gap between the estimates shown in item e would 
seem to be no more than any reasonable error in either of 
the series.
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The implications of these calculations will be 
reviewed later when the same sort of computations have been 
performed for the gross capital stock estimates. Gordon 
recognises one weakness in his argument; gross saving would 
have been the same in the thirties as in the previous 
decades and, given the fall of net saving as a percentage 
of the gross national product, the proportion of depreciation 
allowances to gross national product would have to rise. 
Therefore additional gross investment would be needed in the 
thirties to offset the additional gross saving in the form 
of these larger depreciation allowances It is this 
problem which the gross estimates should be able to throw 
some light on as there is no reason to assume that this 
gross investment will be undertaken.
In Table 5*6 the estimates are set out in the same 
way as the preceding table for the first five items. The 
other items in the table~include the amount of replacement 
which has to be added to the estimate of the rise in the 
gross capital stock to get an estimate of total gross 
investment for the years between 1930 and 1939* The results
l
(I1*) R.A.Gordon - op.cit.T nn 317-119 and footnote 19. 
Apparently Gordon does not recognise the difference between 
depreciation and replacement as he says, in the footnote,
“all this ignores the further problem that the assumed 
depreciation rate for the 1930’s(taken to be much higher 
than in the 1920’s) would have generated a further large 
volume of gross saving(much larger than the volume of net 
saving) that would have had to have been absorbed by 
replacement expenditures”. He seems to have missed the point.
Table 5.6 - Gross Investment needed in 1910-19 to maintain the 1929 Capital Coefficients 1 ^ 4  
with different rates of growth of population and the same rate of growth of
output per head as in 1921-29
'
With population 
growth actually 
experienced.
(1)
With population 
growth twice 
the absolute 
amount of 1925- 
1930.
(2)
With population 
growth twice 
the absolute 
amount of 1920- 
1925.
(!)
a. Assumed population in 1939 - (millions) 130.9 136.3 140.5b. Required increase in the gross capital stock 
(excluding nonfarm housing) to maintain 
the 1929 average coefficient 74.8 87.8 97.9
c. Assumed number of nonfarm households - 
millions 27.7 29.3 30.2
d. Required increase in the gross nonfarm 
housing stock tb maintain the 1929 
average coefficient 22.5 30.4 34.8
e. Total increase in the gross capital stock(b+d) 97.3 118.2 132.7
f. Replacement falling due between 1930 and 1939: 
1. Nonfarm housing 8.2 8.2 8.2
2. Other 59.7 59.7 59.7
g. Total gross investment in 1930-39 to maintain 
the 1929 average capital coefficients(e+f) 165.2 186.1 200.6
h. Additional housing investment needed to 
maintain the 1921-29 marginal coefficient 15.6 21.1 24.1
Notes on this table are shown overleaf.
Notes on Table 5.6
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1* The replacement series used in item f is taken from 
Chapter 2, Table 2J+. There is a small error in the 
estimate as some of the replacement in the latter 
years of the decade would represent gross investment 
during an earlier part of the same decade. For this 
reason the replacement series may be under-estimated 
slightly. The amount would not be large as total 
replacement falling due between 193° and 1939 was 
#67.9 billions; of this amount #2.2 billions was part 
of the actual gross investment between 193° and 1939*
As actual gross investment in the period was #101.5 
billionsCin 1929 prices), the possible error arising 
from this source would be only about #1-2 billions.
2. Item h is calculated from the difference between the 
average and marginal nonfarm housing coefficients, i.e. 
8.31 less 4.93.
3. It should be noted that the estimates of gross investment 
shown under items g and h are comparable with the 
estimates of net investment in Table 5«?> items e2 and
f2 •
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shorn in item g have to be compared with an assumed gross 
savings between 20 and 22 per cent of the gross national 
product* Given the rates of growth of population and 
output per head, we have an estimated gross national 
product for the decade of, in column (1), 0 ll40 billions, 
in column (2), 0 1170 billions and, in column (3), 0 1190 
billions* Total gross investment would at nd> time have been 
sufficient to absorb the estimated full employment level 
of gross savings even allowing for the maintenance of the 
1923-29 marginal housing coefficient* In fact the gross 
investment sufficient to maintain the 1929 average gross 
coefficients equals some 15 to 16 per cent of the gross 
national product. The margin between estimates of full 
employment gross savings and the actual gross investment 
required to maintain the 1929 average gross coefficients 
discloses an adjustment problem which could be appreciated 
from the net calculations*
Our main interest is the much different answer 
obtained when the problem is reconsidered in the light of 
estimates of the gross capital stock. Whereas the net 
estimates suggest that, if population growth in the thirties 
had been much the same as in the twenties the task of 
reconstruction would have been negligible, there is no 
such comfort in the gross estimates.
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Admittedly Gordon does hint at the possibility of 
this large difference stemming from the increased proportion 
of depreciation in total gross savings but the magnitude 
of the variation cannot be gauged from his net estimates*
It is disguised by his choice of a falling proportion of 
net savings in the gross national product at the same time 
as gross savings are held constant* The estimates shown in 
Table 5*5 would look different if net savings had been 
held at about 10 per cent of the gross national product* 
However, Gordon was trying to assess long-run trends and 
his error emphasises the limitations of relying upon one 
set of data when analysing the development of an economy. 
Another approach illustrates this inadequacy even more 
strikingly. The actual amount of replacement required 
between 1930 and 1939 was about #68 billions but the 
total amount of depreciation during the period was between 
#90 and #100 billions on the basis of Gordon’s net estimates* 
In short productive capacity would have expanded by up to 
25 per cent more than one would have anticipated from using 
the net estimates.
Looking specifically at the interpretation of events 
in the twenties and thirties, one finds that the gross 
estimates do not weaken seriously Gordon’s conclusion about 
the boom of the twenties resting largely upon an expansion 
in residential building. Where the interpretation differs
from that put forward by Gordon is in the size of the i'dO 
adjustment which would have been necessary if full employment 
was to be continued in the thirties. The gross saving ratio 
may have had to have fallen by as much as a quarter as the 
scope for offsetting changes in the rate of growth of output 
per head was most limited; the estimated rate of growth - 
2 per cent per head - was above the long term average. The 
essence of this exercise is the disclosure of the lack of 
clarity surrounding the use of any single concept of capital*
IV
While the division between the housing and the other 
component of the gross capital stock does bring out certain 
relationships, the apparent stability of the ’nonhousing’ 
average capital coefficient may disguise equally significant 
disturbances in mush the same way as Gordon showed the 
inadequacy of the overall capital coefficient. Whereas the 
main object of the earlier sections has been the comparison 
of the gross and net estimates of the capital stock, the 
object in this section is to test the effects of further 
disaggregation; for example, to see the problems of 
re-interpretation arising at each stage of disaggregation.
The exercise involves the breaking down of the gross capital 
stock estimate, other than the nonfarm housing group, into a 
number of sectors and then comparing these withthe gross 
product. As the available data on output is faulty, comparisons
between the output and the capital stock of each sector■^ard" 
confined to the periphery of the argument. The usefulness 
of the actual estimates of the various capital coefficients 
should net be overrated.
Apart from the nonfarm housing group, the gross 
capital stock is broken down into five sectors
1. Industrial group
a. Equipment sector
b. Construction sector
2, Farm group
a. Equipment sector
b. Construction sector
3* Administrative or Overhead* sector 
The first group comprises all that may be considered 
•productive’ investment other than the farm group; equipment 
refers to all nonfarm producer durables plus passenger cars* 
construction covers industrial, commercial and public 
utility building as well as the development costs of metal 
mining and petroleum well drilling. The administrative 
group includes all capital works by governments and their 
agencies other than the R.F,C. expenditures on civilian 
plant and equipment which go in the first group. In 
addition the spending by nonprofit institutions is included 
in the administrative group. Of the three groups the first 
is much the most important as it contains more than forty
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per cent of the total gross capital stock£^5)
One difficulty in handling these estimates arises in 
connection with calculating capital coefficients from, say, 
the gross national product rather than the output for 
each sector being reviewed. We do know that output 
attributable to the farm sector has been a declining 
proportion of the gross national p r o d u c t T h u s  any 
downtrend in a relation between industrial equipment and 
buildings on the one hand and gross national product on 
the other will be understated. More recently Kuznets has 
prepared estimates of the shares of selected industries 
in the net national product of the United States from 
1869 to 19^8; they are decennial averages shown at five 
year intervals. These have been used to find annual estimates 
of the share of the farm sector in the gross national product
(15) This classification can be queried. The main reason 
for this split is the limitations of the original data.
No doubt a greater degree of disaggregation would provide 
more interestinginformation but the figures have been 
taken from Goldsmith’s material where the way in which he 
has derived the data suggests that this division is the 
best suited to the purpose. An example is the division of 
the private nonresidential building expenditures between 
commercial, industrial and public utility undertakings. 
Throughout the while period for which he presents data, 
Goldsmith divides the total spending between the three 
groups by a fixed percentage distribution. Answers for any 
one of these three items would have a spurious accuracy.
(16) S.S.Kuznets - National Income and its Composition; 
National Bureau of Economic Research, Newr York 19*+1(19^ -7 
reprint): pp 326-327, Table 59, National Income and its 
components,etc., 1919-38*
151
by simple linear interpolation between the benchmark
dates (17)
In Table 5*7 the industrial capital stock is compared 
with the gross national product for the same dates as in 
preceding tables. The capital coefficients do not show 
large changes from previous calculations. The equipment 
sector is remarkably stable indicating a ready adjustment 
of equipment to output $ the short life-span of this type 
would permit an easy adjustment. Anoticeable feature is the 
fall in capacity, as measured by the average coefficient, 
between 1929 and 1939 in the equipment series. This contrasts 
with the results obtained in Table 5*4 inhere the average 
gross coefficient(excluding nonfarm housing) rose between 
1929 and 1939* The other surprising feature of the table 
concerns the building group. After 1929 there was only a 
very small rise in the gross industrial building stock; the 
effects of twenty years of depression and war are shown 
particularly well in this sector.
In the final line of Table 5*7 a ratio of equipment
to building is calculated; from 1900 to 1923 this ratio
shows a steady rise, then stability between 1923 and 1929
(17) S.S.Kuznets - "Long-term Changes in the National Income 
of the United States since 1870“, Income and Wealth. Series 
II. Trends and Structure in the United States: Bowes and Bowes 
London 1952; Table 17? p 102. We have first the percentage of 
the net national product accruing to the farm sector and then 
the estimated gross output of this sector: 1900-16.8$,#6.1 
billions; 1912-13.4^,#7.8billions; 1923-10.7^,#8.9billions; 
1929-10.5^,^10.6billions; 1939-8.4^,8.7billions; and 1948- 
6.6%,#10.5billions•
Table 5.7 - Relation between the Industrial Gross Capital Stock and 152
Gross National Product: selected years 1900-1948
1900 1912 1923 1929 1939 1948
1 . Gross National Product a. Total 3 6 .6 58.2 8 3 .0 101.4 103.7 158.8b. Change - 21.6 24.8 18.4 2 . 3 55.12. Equipment Stock 
a. Total 19.6 3 6 .0 53.7 65.9 6 3 .3 8 3 .8b. Change - 16.4 17.7 12.2 -2.6 20.5
3. Buildings Stock a. Total 37.5 63.3 85.9 106.6 111.0 112.4b. Change - 2 5 .8 21.4 2 0 .7 4.4 1.44. Equipment/G.N.P. ratios 
a. Average capital coefficient 062 •65 •85 .61 .53b. Marginal capital coefficient - .76 .71 •66 -I.13 .375. Buildings/G.N.P. ratios a. Average capital coefficient 1 .0 2 1.09 1.04 I .05 1.07 .71b. Marginal capital coefficient - 1.19 VO00• 1.13 1.91 .03
6 . Ratio of equipment to building 
stock .52 .57 063 .62 .57 .75
Note: 1. Data on the gross national product are from Table 5*1*
2. The estimates of the components of the gross capital stock are taken from the main tables shovn 
in Appendix A.
3. Lines 4. and 5* are determined by dividing the equipment and buildings aggregates by the relevant measures of the gross national product.
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$ falling off in the ratio to 1939 and then a rapid rise 
to 19*+8. The interesting feature is that the 19^8 ratio of 
•75 was about the correct relationship on the extrapolated 
trend of the 1900-23 ratio. There does seem to be more than 
just a chance relationship to these ratios and the fact 
that the series broke down in the late twenties may give 
an indication of another factor contributing to the 
depression. Given that this trend does represent an 
underlying trend, the ratio of equipment to buildings should 
have been about .67 in 1929» It would seem that industrial 
buildings were erected at a rate in excess of the requirements 
set by output at that time. Although the evidence is far 
from conclusive, the excess capacity in nonfarm housing 
appears to have been duplicated in the industrial building 
sphere by 1929*
What happens if these two industrial sectors are 
linked to the gross national product less the output of the 
farm sector? In Table 5*8 the average and marginal coefficients 
are shown for both the equipment and buildings sectors.
The interesting difference between this table and the 
preceding one lies in the building sector where the average 
coefficient for 1939 is the same as in 1929; in Table 5*7 
the estimate for 1939 was higher than in the earlier 
year. Another feature is the much more pronounced downtrend 
in the average capital coefficients for both sectors.
Table ?»8 - Relation between Industrial Gross Capita
Stock and Output: selected years 1900-1943
1900 1912 1 9 2 3 1929 1 9 3 9 1948
1. Industrial Equipment
a. Average capital
. 6 7 .57coefficient .64 .71 .73 .73
b. Marginal capital
- . 6 2coefficient - .82 .72 .73 .39
2. Industrial Buildings
a. Average capital
1.26 1 . 1 6 .76coefficient 1.23 1.17 1 . 1 7
b. Marginal capital
. 00 -v
j 1.24coefficient — 1 . 3 0 1 . 1 5 .03
The two remaining groups confirm the possibilities of 
variations in the capital coefficients. In Table 5*9 one 
can see the great differences in the coefficients when the 
capital stock is related to both the gross national product 
and the gross output of the farm group. The staggering rise 
in the average capital coefficient for farm equipment - 
line 2a - may reflect an erroneous measure of the share of 
farm output in the gross national product in the postwar 
years. But while many sectors show a declining ratio of 
capital to output the administrative group records a steady 
rise temporarily offset by the effects of war. However it 
would be admitted that governmental expenditures during the 
thirties accelerated this upward trend. This aspect points 
to a major difficulty in the interpretation of overall 
capital coefficients. When discussing Tables 5.2 and 5 ,b 
it was thought the increase in the average gross capital
Table 5 .9  -  R ela tion  between Farm and A dm inistrative C apital Stock
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and Output: se lec te d  years 1900-1948
1900 1912 1923 1929 1939 1948
1 e R a tio  of Farm Equipment to  G.N.P.
a .  Average c a p i ta l  c o e f f ic ie n t .11 .11 .09 .07 .06 .08
b . M arginal C a p ita l c o e f f ic ie n t - .11 .04 - .0 1 - .3 0 .12
2 . R a tio  o f Farm Equipment to  Farm Output
a .  Average c a p i ta l  c o e f f ic ie n t .63 .81 .82 .67 .74 1.23
b . M arginal c a p i ta l  c o e f f ic ie n t - 1.46 .93 - .1 1 .36 3.67
3 . R a tio  of Farm B u ild ing  to  G.N.P.
a .  Average c a p i ta l  c o e f f ic ie n t .33 .28 .25 .22 .21 .15
b . M arginal c a p i ta l  c o e f f ic ie n t - .21 .18 .10 - .2 6 .04
H-o R a tio  o f Farm B u ild in g  to  Farm Output
a .  Average c a p i ta l  c o e f f ic ie n t 1 .95 2 .11 2 .35 2.13 2 .54 2.32
b . M arginal c a p i ta l  c o e f f ic ie n t - 2.73 4 .07 1.02 .31 1 .24
5 . R a tio  of A d m in is tra tiv e  S tock to  G .N .P.
a .  Average c a p i ta l  c o e f f ic ie n t .29 .39 .40 .47 .68 .53
bo M arginal c a p i t a l  c o e f f ic ie n t — .55 .44 .76 10.26 .25
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coefficient from 1929 to 1939 gave a more reasonable 
interpretation of the situation as it helped to explain 
the sharp rise in output during the early war years• Yet 
the rise in the overall average gross coefficient was 
taken up almost entirely by the increase in the average 
coefficient for the administrative s e c t o r A l t h o u g h  some 
types of government spending may provide important external 
economies for industry, an expansion in governmental 
capital expenditures cannot be looked upon in the same way 
as a rise in the stock of industrial equipment when explaining 
a rapid rise in the output of an economy 1^9)
V
This chapter has dealt with three main aspects of 
using capital coefficients. In the first place we have 
compared the results stemming from a comparison of the 
gross and net capital stock estimates. Secondly, there was 
an examination of the application of capital/output ratios 
in the light of these comparisons. Thirdly, the impact of
(18) The increase in the overall average gross coefficient 
between 1929 and 1939 was .25 while the rise recorded for 
the administrative sector was .21. Other changes were:- 
industrial equipment -.04, industrial buildings +.02, farm 
equipment and farm buildings were both -.01 while nonfarm 
housing was +.06.
(19) The conclusions are not affected by substituting 
Goldsmith’s estimates of the G.N.P. for Kuznetä1 figures. 
There is, of course, a much sharper downtrend in the 
coefficients after 1929 hut this follows from the differences 
in the two series for G.N.P.
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of disaggregation was discussed in relation to the overall 
capital coefficients. A critical interpretation of events 
in this period, but particularly in the thirties and 
forties, is a corollary to the main themes of the chapter.
There are different measures of the capital stock 
permitting the derivation of markedly different answers in 
any relation or function incorporating capital. Although 
particular estimates of the gross and net capital stock 
are based upon fairly rigid assumptions about depreciation 
and replacement, their diversity illustrates the practical 
limits in applying any concept of capital* Thus by using 
any one of these series we may get answers which do not 
give an accurate description of economic behaviour. If the 
disparity between replacement and depreciation is recognised 
the gross estimates are morelikely to be useful than the 
net estimatesf throughout this chapter more information 
has been obtained by using the gross estimates. When the 
capital stock is broken down into its major components and 
related to some measure of output, the meaningfultinterpret- 
ation of capital estimates becomes even more complex. No 
good purpose is served by relying upon any one set of estimates 
of the capital stock.
Finally, as an addendum to the general argument, some 
notes on more general propositions have been stimulated by 
the work in this chapter. In the first place there is nothing
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new in the notion of disaggregating the capital stock as 1 
lip-service has often been paid to it! "^Secondly, the 
splitting into components does bring out the maladjustments
A.
existing in particular sectors of the economy which are 
disguised when the overall coefficients only are examined; 
we have found nonfarm housing and industrial building 
in 1929 and more could be found if 'there was better data*
At any one time the probability of maladjustments existing 
in various sectors must be high; uncertainty about 
relative prices, supplies and markets should affect the 
assessment of each entrepreneur* Many of these difficulties 
will be remedied without affecting the growth of output 
of the economy but the possibility exists that sufficient 
disturbances of the type will occur at one time to create 
a serious and sustained downturn* Perhaps these situations 
arise, or are aggravated at least, by the simultaneous 
occurrence of events such as the retarding of population 
growth after 1929; this means, ineffect, a major shift 
in a parameter.
The last matter is the long term trend of the
capital coefficients. A very real handicap here is the
discrepancy between the various series showing the gross
national product. In any given situation estimates based
upon Goldsmith’s series will show a greater fall or a
(20) Richard Stone“ - "Model Building and the Social 
Accounts? A Survey”; Income and health. Series IV; Bowes 
and Bowes, London 1955; PP 27-77» section IX.
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smaller rise than those calculated from Kuznets’ estimates 
of the gross national product* With the overall coefficient 
there is a suggestion of a fall in the ratio since the 
twenties but the fact that the series ends early in 
the postwar years means that there is uncertainty whether 
the effects of the war have been worked out of the various 
statistics. When the main components are examined, the 
complexity of the problem becomes apparent. Although the 
breaking down into sectors is a somewhat arbitrary 
process, one can see from the estimates in this chapter 
that stability in the overall coefficients may disguise 
big changes between individual components. Within the 
narrow definition of’productive capital’ which may be 
represented best by the industrial group, there has been 
a substantial fall in the average gross capital coefficient 
in recent uears.
Chapter 6
Further Testing of the Relationship Between
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Replacement and Depreciation.
I
In the first two Parts of this work the original models 
developed by Domar depicting the relationship between depre­
ciation, replacement and growth were tested with the data taken 
mainly from the work of Raymond Goldsmith. Appreciation of the 
significance of the conclusions drawn from testing with gross 
capital stock estimates was hampered by the restrictive nature 
of the assumptions explicitly stated at the outset. The two 
most important, for present purposes at least, are that all 
replacement takes place when the asset is retired and all de-(1)
predation is based upon the ‘straight-line’ or linear method. 
Very clearly these assumptions are a handicap when one comes 
to developing the subject either by way of enhancing the fruits 
of empirical analysis or extending the scope of theoretical 
investigation.
With these restrictive assumptions the broad pattern est­
ablished by the various models is that annual depreciation far 
exceeds replacement when prices are assumed constant but this
(1) One should keep in mind the definition of replacement which 
is appropriate to the discussion; it is the replacement of the 
output of one capital good with a similar output from another 
piece of capital equipment. It is the relation of capital to 
output which is the important feature of replacement and not 
changes in the capital value of one piece of capital equipment 
consequent upon the introduction of another capital good. This 
theme will be developed further in a later chapter on replace­
ment •
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margin is greatly reduced or the position reversed when price 
rises are allowed for in the calculations* The evidence sugg­
ests that a significant proportion of new investment, i.e. over 
and above replacement needs, can be financed from this excess 
of annual depreciation over annual replacement spending. The 
purpose of this portion of the work is to pursue the effects 
of relaxing the assumptions about replacement and depreciation.
In this chapter the first section is devoted to a discussion 
of methods of depreciating assets used by business enterprises. 
Although the evidence is heavily weighted by U.S. material, 
mainly because of greater availability, the experience of other 
countries has also been drawn upon. Subsequent sections deal 
with the effects of allowing for other methods of depreciation 
and the different timing of replacement in terms of both con­
stant and changing prices. Such theoretical work reflects 
partly the empirical evidence presented in the first part of 
this chapter.
When a discussion covers not only theoretical problems 
but also the use of data to test hypotheses, evidence about 
methods of depreciating assets and timing their replacement 
has to show at least two things. First, the changes which have 
taken place in the period for which the data applies and, sec­
ondly, to establish the practices which are in use at the moment, 
In this section we will treat the historical aspect first and 
then take the current situation. Most of the material available 
on these matters stems from United States sources though there
1G2
is a growing body of information about practices in the United 
Kingdom. There is, of course, a further reason for concen­
trating upon the United States arising out of the use of data 
applying to that country in the earlier parts of this work.
In the body of this section the general argument relates to 
United States experience.
The years with which we are concerned between 1897 and 
1949 can be divided, for purposes of depreciation policies, 
into three main periods. From 1897 to 1910 there was no 
systematic approach to the formulation of depreciation charges 
since they did not enter into the computation of tax payments. 
There was no company tax during this period. From about 1910 
to 193^ the methods of depreciating assets were laid down by 
the federal tax authority but this imposition was not very 
rigorous. So much so that the little available evidence 
suggests that most companies pursued policies designed to 
secure quick write-offs - a case where accelerated depreciation 
was wide-spread. Between 193*+ and 1949 the system of estimat­
ing depreciation was tightened up to get a fairly uniform
system based almost wholly upon straight-line depreciation
(2)
over the full length of life of assets.
Turning to actual business practice, one finds the lack
of any extensive collection of material on the early period.
There is one study of the Standard Oil Company (New Jersey)
(2) Since 1949 there has been a major change in the attitude of 
the U.S. tax authorities; in 1954 it was decided to relax the 
provisions relating to 'straight-line* depreciation and permit 
a greater variety of methods.
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which does bring out the extensive inquiries which were made
during the period into depreciation problems. The information
is made all the more interesting as it brings to light the
policies adopted by the various United States and overseas(3)affiliates of the parent company. The emphasis throughout 
this period from 1897 to 1910 is upon the reduction in the 
rates of depreciation owing to excessive amounts being written 
off in the initial years of an asset's life. The reasons 
advanced for this reappraisal were the inadequate insurance 
cover provided when assets were written off too quickly and 
the apparent profitability of enterprise when book values were 
often written down rapidly. Almost certainly the latter issue 
was associated with the anti-trust movement and legislation 
of the period. Examples can be cited. About 1895 the depre­
ciation rate applied to tanker shipping had been about per 
cent but in the first decade of the century the rate was re­
duced to about 2^>- per cent. Even more interesting from the 
viewpoint of accelerated depreciation is the situation shown 
in 1910-11 when an item appeared in the balance sheet of the 
company described as 'depreciation restored'; these items were 
alleged to represent amounts written off in excess of some 
standard of depreciation relating the period over which an asset 
is to be amortised with the life of the asset. Perhaps this 
case should not be taken too seriously, for in 1909j the first 
law recognising depreciation as a legitimate deduction from
(l!) R.W. Hidv and M.E. Hidv - Pioneering in' Big' Business'' I'B'fo- 
1911t Harper & Bros., New York 1955$ see pp.621-625*
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income for tax purposes was enacted in the United States; this 
became effective in 1910. If values were written up at this 
time depreciation deductions in future years would be so much 
larger than they would have otherwise been.
In the United Kingdom the experience of this period, and 
indeed up until about 1930, was similar. For example, the 
records of the United Steel Company show the haphazard arrange­
ment of depreciation policy. Certainly the profitability of
the company at any one time had a most important effect upon
(4)
the size of the annual provisions for depreciation. However, 
the records of this period are very sketchy so that few con­
clusions can be drawn. Whether the majority of business 
made specific provisions for depreciation is really a matter 
of conjecture.
The first tax law incorporating the notion of depreciation
came into force in the United States in 1910; it came in the
d4) P.W.S. Andrews and E. Brunner - Capital Development in 
Steel: Basil Blackwell, Oxford 1951* On page 195* we find "The annual amounts should not be so small as to allow the earning 
capacity of the Company to fall but, equally, they should not 
be so large as to provide expenditure for what in effect would 
investments in additional enterprises. More might be retained 
if the company were doing sufficiently well to pay reasonable 
dividends.” And on page 196 ”the assets acquired since the 
1930 reconstruction should be covered by depreciation at the 
Inland Revenue rates and according to Inland Revenue practice, 
but that, for the purposes of fixing the minimum annual pro­
vision for depreciation, assets which had been acquired earlier 
should be provided for at a lower rate, recognizing that they 
had been severely written down”. Both quotes come from the 
Chairman’s reports.
165
( *? )guise of an e x c i s e 7 Later the 1913 income tax provisions
reinforced this innovation. Although the very sketchy material
available hampers useful comment, the control over the computing
of annual depreciation charges seems to have been most lenient
between 1910 and 193*+• What evidence we have suggests, as a
general pattern of behaviour, the writing-off of assets over a
period much shorter than the actual life; for example, most
equipment was written off on the basis of a 10 per cent rate
(6)of depreciation. Furthermore, despite the inadequacy of the 
material, it would seem that the main methods in use were 
based upon a linear computation.
After 193*+ the whole pattern of depreciation changed
in the United States. As a result of a search for ways to
(?) Income tax was levied first in 1862 but the legislation 
authorising this method of taxation was allowed to lapse 
in I8 7 2. Subsequently attempts were made to re-impose income 
tax culminating in legislation which was invalidated bythe 
United States Supreme Court in 1895 on grounds th&t it was 
a direct tax. There was no provision for depreciation in 
this earlier legislation.
The corporation excise tax of 1909 was a tax upon the 
privilege of doing business and was based upon the net 
income of business. Depreciation was permitted as a deduction 
in arriving at net income. The proposal to amend the U.S, 
Constitution,to permit the levying of income tax, was made 
in 1909 but did n6t gain approval until 1913 when the 36th 
state - Wyoming - approved the measure. Income tax was 
brought down later in the same year and the depreciation 
provisions of the 1909 excise tax were continued. Fop a 
review of these aspects of the United States tax system one 
may consult R.E.Paul - Taxation in the United States; Little, 
Brown and Co., Boston, 19?+ 5 Chapters I-V, especially on 
this early period.
(6) George Terborgh - Realistic Depreciation Policy:
Machinery and Allied Products Institute, Chicago 19?+; PP 12- 
13*
get more revenue, Congressional committees put forward propos­
als for reducing rates of depreciation and so tax exemptions. 
In the event these were not incorporated in new legislation 
but the administrative procedures were changed in such a way 
as to remove the wide discretion which business had previously 
enjoyed when determining its depreciation policy. Emphasis 
was put upon linear depreciation over the average life of 
assets and the former methods which had permitted accelerated 
depreciation were abandoned. However, only since the war has
there been widespread discussion of the merits of the differ-
(7)
ent methods of depreciating assets. Terborgh suggests that
up to 193*+ the depreciation listed for tax purposes generally
had been the same asthat used for accounting purposes and
that the problem of the variation between the accounting and
tax concepts of the * right' depreciation arose from the policy
changes following from the 193*+ discussions. Up to that time
company taxes were not so high as to provoke demands for a
shorter write-off period which would permit a much faster tax(8)
relief.
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(7) E. Carv Brown - Depreciation Adjustments for Price Changes: 
Graduate School of Business Administration, Harvard 1952. This 
is one of the most comprehensive treatments of the current
ix U.S. position available up to the present. The journal 
Accounting Research contains many useful discussions of the 
U.S. and U.K. situation as well as theoretical discussion of 
depreciation problems.
(8) George Terborgh - op.cit.. p.l3> footnote 5* This is no 
more than a welcome recognition that depreciation is, in part 
at least, nothing but another tax deduction. With a given 
target for tax collections over all the economy an increase 
in the annual permissible depreciation charge will have one
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The pattern of events between 19311- and 1949 is confused 
by the special tax provisions during World War II permitting 
the accelerated depreciation of assets which were required 
for the defence effort: these exemptions amounted to about
(9)
#7*5 billions and were written off over a five-year period.
In evidence of the extent to which companies have adjusted 
their depreciation policies the results of a sample survey of 
572 companies in the United States show that about 12 per cent 
had adjusted their methods to get faster write-offs than per­
mitted under the regulations relating to linear depreciation
This sample taken during 1947 is confused by the wartime pro-(10)
visions for fast write-offs mentioned earlier. Unfortunately
(8) -continued- of two effects; either the impact of taxes will 
be shifted to groups other than companies as company tax rates 
remain the same or the same amount will be collected from com­
panies as the rates are increased to offset the 'loss' through 
higher allowances. Within the companies group there will be 
changes in the distribution of the tax liability favouring 
those companies with low rates of gross profit. (This excludes 
the question of price changes to meet tax liability)•
There is some evidence available on variations between the 
accounting and tax concepts of depreciation; see D.T. Smith 
and J.K. Butters - Taxable and Business Income: National Bureau 
of Economic Research, New York, 19^9* Unfortunately this mat­
erial only covers the years 193^ to 1937 and the effects of the 
depression are readily seen in the figures. In Table 24, p.260 
it can be seen that the divergence between tax and accounting 
concepts of depreciation account for a very high proportion of 
the total divergence between tax and business income. Table 
27, p.312, compares tax and book deductions for depreciation; 
the usefulness of this data is in doubt as the sampling may 
have been biased. For what it is worth the data for the manu­
facturing sector points to an increased divergence between 193^ 
and 1937* Yet this is more likely to have been related to an 
improved rate of profit than other factors.
(9) Changing concepts of Business Income: Report of a Study 
Group on Business Income; The Macmillan Company, New York 1952,
J.A, Findley - Handling Higher Replacement Costs; Studies 
in Business Policy No.47; National Industrial Conference Board,
there is no information showing the relationship between the
assumed lives of assets adopted for tax purposes and the(11)
actual lives which were apparent from business records* 
Certainly the evidence about the number of companies adopting 
some form of accelerated depreciation is much lower than one 
would have expected from the amount of discussion about the 
subject.
The position about the various depreciation methods used 
by business at the present time is not very clear. Much of 
the discussion exercising the minds of those engaged in the 
theoretical field has centred upon the replacement cost argu­
ment versus the historical cost approach whether the latter 
be based upon the usual straight-line method or any one of
168
(10) -continued- New York 1950; p . 1 5 * Although the sample 
is too small to permit full answers, there is some evidence 
suggesting that larger companies are more likely to make 
provision for higher replacement charges.
(11) There is some information available on actual lives of 
assets but refers to only a very small sample. In Terborgh 
- op.cit., pp.173-174 - certain items are listed showing an 
assumed average life* in one case the assumption is confirmed 
by an official industry study (farm tractors). At least the 
official estimates of average life for tax purposes make an 
interesting comparison.
Tax Terborgh
1. Farm Tractors 15(1930-49) 20
2. Trucks 6 12
3. Passenger Cars 6 13
4. Farm Machinery 15
(a.Combines) - (18)
(b.Corn pickers) - (15)
(c.Hay balers) - (20)
On the face of it there seems to be large differences betweeh 
tax and business practice even though Terborgh’s estimates 
may be excessive,
f 1* L13RARY n )
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the many varieties such as declining balance or sinking fund.
Yet, turning to the work of Brown, one finds considerable
discussion suggesting that the more recent concern with the
problems of replacement-cost depreciation has fallen by the
way and those companies which have gone in for this sort of
accounting have tended to switch to simple accelerated depre- 
(13)
ciation. One reason for this change would be, as he points 
out, the disapproval of replacement-cost depreciation by the 
New York Stock Exchange and the Securities and Exchanges 
Commission, What we seem to have found is the suggestion 
that the straight-line or linear method of calculatind depre­
ciation is much more widespread than would have been at first 
thought from the extent of the discussion of the matter. 
Nevertheless, the changes made in 195*+ may lead to more wide­
spread uses of the various methods of depreciating assets. 
Furthermore, there is the common practice of allowing initial 
depreciation allowances in nearly all countries in the British
(12) There is a voluminous literature in Accounting Research, 
the publication of the Incorporated Accountant’s Research 
Committee. For example, A.R. Prest - ’’Replacement Cost Depre­
ciation”, July 1950; David Walker - ’’The Royal Commission
and Depreciation Allowances”, 1955; and T.H. Sanders - "Plant, 
Depreciation and 1949 Price Levels”, 1949.
In the economics periodicals we have the series running 
through the Quarterly Journal of Economics of which the most 
interesting is E.D. Domar - "The Case for Accelerated Depre­
ciation”, 1953* This article points to the essential advant­
age of accelerated depreciation for the growing business; the 
postponement of tax payments represents a loan which need not 
ever be repaid so long as investment keeps on growing.
(13) E. Cary Brown - op.cit., pp.42-43. One reason for this 
switch would be the complexity of handling the replacement- 
cost method of depreciating assets, when there is no commens­
urate advantage to be gained by way of tax concessions.
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The data upon the timing of replacement is scanty. In
the survey made by Finley some information was provided about
the amount of fully amortised property still in use. Once a
again the data relates to 1947 and this has limitations since
the accelerated depreciation permitted during the war would
not be excluded from this sample. He finds, from a very small
sample out of his 572 companies, that only 10 per cent of the
companies did not have some facilities which were not fully
(14)
amortised but still in use. Some 69 per cent of the companies 
had between 1 and 30 per cent of their total facilities fully 
amortised. Other evidence is fairly unsatisfactory. Terborgh 
lists eight examples of the relation between age of equipment 
and intensity of use and endeavours to show the rapid decline 
in use after the first year of operation; all this evidence
suggesting that replacement commences at a very early stage
(15)in the life of an asset. His examples are inadequate not
(14) J.A. Findlev - OD.cit.. d .17. table 12. 
in part, recapitulated below:
This table is,
Amount of Fully Amortised Facilities All Companies
Still in Use (Per Cent of Total)
(Per Cent o% Total)
0 10
1 - 1 5 4l
15*1 - 30 28
30.1 - 45 1245.1 -   2
Total 100
One should note that the usefulnews of this informatiöfi is re­
stricted by the date of collection, i.e. 1947* when wartime 
influences would still be present in the material.
(15) George Terborgh - Dynamic Equipment Policy; Machinery and 
Allied Products Institute, Chicago 1949; pp.lo-21.
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only because they deal with a very small sector of producer’s 
equipment but also because they refer to the use made of 
specific pieces of equipment of varying ages over one or two 
years at most. What is required for an adequate test is data 
showing the use made of an item of equipment during each year 
of its life. Apart from these examples the information about 
the timing of replacement is almost non-existent.
What can be said as a general summing up of the position 
of the actual policies applied when computing depreciation. 
First, there is the limited evidence supporting a conclusion 
that the extent of the departure from straight-line depreciat­
ion may have been over-estimated. The sample compiled by 
Findley, however inadequate it may be, suggests that the 
number of companies pursuing policies involving a higher 
annual depreciation than would obtain with straight-line 
depreciation is fairly restricted. Secondly, there is no way 
of telling how far the accepted average lives of assets falls 
short of the actual lives of assets. One thing we do know is 
that the whole emphasis throughout the course of the period 
since 1897 has been upon the writing off of assets over a 
shorter time than the lives of the assets. In the first de­
cade of this century Standard Oil reduced its depreciation 
rate on tanker shipping to 2-§ per cent - an asset life of 40 
years - while the assumed life since 193*+ has been 28 years. 
Despite the tightening up after 193*+ there remained every 
reason to believe that there was still a significant proportion
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of accelerated write-offs in the assumed length of life of 
assets# Thirdly, we do have the frequent use of the device 
such as the initial depreciation allowance. Finally, 
knowledge about the timing of replacement is sadly deficient. 
Intuitively one thinks that for most capital assets the 
real output remains fairly stable for most of the asset 
life so that the problem of replacement is lagged by a 
considerable margin. Nevertheless, Terborgh's examples of 
equipment do suggest a rate of decline in use which could 
follow a linear pattern.
II
We can now turn to the ways in which the rigid 
ass umptions about full replacement at retirement - the 
'one-hoss shay* case - and straight line depreciation can 
be relaxed. The depreciation item is more easily amended 
than replacement because of the greater availability of 
information about actual patterns adppted for depreciating 
assets than the timing of replacement. Therefore two quite 
simple cases will be adopted to supplement the initial 
assumptions made by Domar; the two possibilities are:
Version Is An initial write-off in the first year of 
operation of the asset; this conforms with 
the practices prevalent in many countries of 
the British Commonwealth.
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Version 2: Where the straight-line depreciation is taken 
over a period shorter than the average length 
of life of assets*
One thing favouring the use of these alternative approaches 
is that they are relatively easy to handle. But, more 
important, they can be said to approximate the other types 
of depreciation patterns; thus the combination of the 
initial depreciation allowance with the straight-line 
method does approximate the curvilinear methods such as 
the declining balance system prevalent in some sectors of 
the United Kingdom economy. The only exception arises 
where depreciation is computed in such a way that the 
annual accrual increases over the life of the asset. Yet 
current practice does not show the widespread use of this 
method for the emphasis seems to be upon writing -off the 
asset in the first few years of use.
The additional assumptions about the behaviour of 
replacement timing have less basis in experience. They 
are as follows:
Version A: Replacement prior to the Correct* retirement 
date will be spread evenly over the period 
t-m to t where m is the average life-span of 
assets(or asset if one is thinking in terms 
of a single firm).
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Version B: Replacement will follow a pattern showing a 
linear increase from the installation date 
at t-m to the retiring date at t#
Although other patterns could be constructed to meet 
different notions about the timing of replacement, these 
two seem to offer sufficient scope for the testing of 
alternatives to Domar*s rigid assumptions. In the one 
other case where an alternative pattern has been used - 
by Terborgh in “The Bogey of Economic Maturity” - the 
assumed behaviour was that one half of all assets were 
replaced in equal instalments over the life of the asset 
In fact Version A amounts to the same thing as the 
straight-line depreciation pattern#
The assumed patterns of depreciation and replacement 
are not based solely on the four versions listed in the 
previous paragraphs# Thus the annual depreciation sum is 
assumed to comprise two parts made up of a component based 
upon the Domar assumption, i#e# straight-line depreciation, 
and another component based upon either Version 1 or 2#
Of the total annual depreciation a proportion (h) will 
represent the depreciation charged on a straight-line basis 
over the full length of life and on the historic cost of 
the asset# The remainder (1 - h) will be the proportion
^l6) George Terborgh - The Bogev of Economic Matu 
Machinery and Allied Products Institute, Chicago 
pp 108ff.
175
where depreciation is computed in the way shown in Versions 
1 or 2. This constant h has the property O ^ h - 1 .  There 
is no reason why depreciation could not be computed from 
a combination of the three alternatives but this would only 
add to the volume of the exercise without adding much to 
the usefulness of the work*
The treatment of replacement follows in much the same 
way as that set out above for depreciation* Thus the annual 
amount of replacement falling due is assumed to comprise 
two parts made up of one component based upon the *one-hoss 
shay* assumption and the other from either Version A or B*
A proportion of the total annual replacement falling due 
in any one year will represent replacement determined on 
the *one-hoss shay* assumption; this is shown by (j)* The 
proportion (1 - j) will be replacement distributed over the 
life of the asset as shown by either Version A or B* As 
before, (j) has the property
The reason for blending one or other of the revised 
assumptions with the original one relating to full replace­
ment at retirement or straight-line depreciation over the 
full life of assets should be understood* In the sketchy 
empirical section there was some evidence for thinking 
that a large proportion of assets were depreciated on the 
basis of the original assumption* This is not so for 
replacement yet one must concede that housing may be a 
fair approximation to the fone-hoss shay* assumption* As
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the parameters (h) and (j) can be varied, the blending of 
the various assumptions about depreciation and replacement 
permits testing over a wide range of possibilities*
A momentary reflection will bring out the very special 
case presented by the Domar models* Despite the limited 
nature of the four versions listed earlier, the original 
assumptions of replacement at retirement and linear 
depreciation over the full life of assets involve making 
the constants (h) and (j) equal to 1* Later, when the 
ratios of depreciation and replacement are being tested, 
the special nature of these two assumptions should be even 
more apparent* And it is this disparity between replacement 
and depreciation which is at the basis of the whole of 
Domar's work*
The following symbols are used throughout the analysis: 
G = gross investment 
D = annual depreciation charge 
R = annual replacement 
m = average life-span of assets 
r = the rate of growth of gross investment 
i = the rate of growth of prices 
The t and m are subscripts denoting time; the m being the 
same as that for the average life-span of assets* The 
other assumptions remain the same as in the original models 
develpped by Domar; the analysis is based upon continuous 
functions and the rates of growth are constant*
In the remainder of this chapter a series of models 
showing the relation between annual replacement and annual
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depreciation are developed. They combine the patterns of 
replacement and depreciation set out earlier in this 
section. Prices are assumed to be constant. The effects 
of price changes upon the ratios of replacement to 
depreciation will be treated in the next chapter. In 
addition all the models will be tested in the following 
chapter.
Before turning to the calculation of the equations based 
upon the revised assumptions about depreciation and 
replacement, a recapitulation of the basic equations in 
the Domar models is called for if only to set out those 
proportions of annual depreciation and replacement based 
upon his initial assumptions. After the completion of the 
initial time period between 0 and m so that t>m, gross 
investment expands at a constant annual rate r
and the gross(of depreciation) capital stock,(K), is equal 
to the accu ~ ~ ’ "~een t-m and t,
(1) G = ert
(2)
r r
With straight-line depreciation, the annual depreciation 
sum is equal to the gross capital stock divided by the 
average life-span of assets.
(3) D = Prt(l -
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rm
The annual replacement falling due at t is equal to gross 
investment m years earlier if we assume that all replacement 
is made at the retirement date m years after installation* 
(1+) R = er(t-m)
Equations (3) and (4) are applicable to the problems 
of this chapter* Only a proportion of the total annual 
depreciation and replacement are based upon the revised 
assumptions about the behaviour of these two aggregates*
The remainder is based upon straight-line depreciation 
in one instance and 'one-hoss shay* investment in the other* 
Thus each of the two main aggregates has two components;
Dt = D*t + D,,t anö R t = R,t + R,,t* The weighting of 
each item is determined by either (h) or (;))♦ By using the 
last two equations we have one of the two components for 
both total annual replacement and total annual depreciation*
(5) D't = (h)ert(l - e"rm)
rm
and
(6) R't = (j)er(t-m)
These equations will be combined later with the other 
component to give an overall total*
We can now turn to the revised assumptions* In the 
following analysis each of the revised assumptions will be
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introduced separately* After this treatment is completed 
they will be combined with one or other of the equations 
shown in (?) and (6) above to give a complete equation 
for the whole of total annual replacement or depreciation* 
Version 1: This is the assumption about an initial 
depreciation allowance; the computation 
raises no difficulty since the amount of 
depreciation at t is determined by the 
gross investment at that time*
(7) D " t = (1 - h)ert
As an example of the meaning of this equation one may think
in terms of, say, an average initial depreciation allowance
of 4-0 per cent. In this case the (h) would be 0*6.
Version 2: This is the situation where straight-line
depreciation is limited to a period shorter 
than the average life-span of the gross 
capital stock which is shown as m years*
In this case a constant, n, is a number 
between 0 and m and the shorter period over 
which the straight-line depreciation is
computed is (m-n). Therefore = K/m-n
and so we have
(8) D " t = (1 - h)ert(l - e~rm)
r(m-n)
We can now turn to replacement. This is the problem 
arising from the introduction of the revised assumptions
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about the timing of replacement* Once again we are dealing 
with only one part of total replacement, i*e* the 
component (1 - j).
Version A: In this case replacement is distributed evenly 
over the average life-span of the gross capital 
stock, which extends from t-m to t# We know 
that the total amount of replacement to be 
distributed in this way amounts to (1 - j)th 
of all replacement* therefore the amount to 
be replaced at t according to this assumption 
is (1 - j)/mth* If this latter proportion 
is related to gross investment between t-m 
to t, and x is any time between them, we have
(9) R " t = (1 - 1) (er(t_m+x)dx
and on integration yields
R ’’ = (1 -i)ert(l - e~rm)
(10) rm
Version B: The replacement pattern is based upon a linear 
increase from the opening date at which the 
gross investment was installed to the retiring 
date m years later* Thus at t the proportion 
of each annual gross investment coming up 
for replacement will be smaller as the 
installation date approaches t* We can 
envisage the pattern of replacement for any one 
asset in a right-angled triangle having a base
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m and the right-angle at t which represents 
the end of the replacement process. The area 
of this triangle will therefore be one-half 
the product of the ordinate and the abscissa 
around t; in the diagram m by (y+z). Thus
m(y + z) = 2. Let x be a period of time and 
counting from t-m. In this case the proportion 
of an annual gross investment initiated at 
t-m+x coming up for replacement at t will be 
y. And as (y + z)/m = y/(m - x) then the 
value of y at time t will be given aspy = 2(m - x)/ m ♦ But as this section relates 
only to (1 - j)th of all replacement, the 
equation for all replacement at t under this 
method of computing is given
(id
which gives
(12) R 1 = 2(1 - 1)er(t~m2(erm - rm - 1)
r m
All that remains to be carried through is the 
combination of the two components of total annual
replacement and total annual depreciation. In the first 
instance we will examine the results of combining the 
two depreciation components. From equation (5) and 
Version (1), equation (7), we have
(13) Dt = Ch)ert(l - e~rm) + (1 - h)ert
rm
= (h)ert(l - e~rm) + H  - h)ertrm 
rm
The alternative combination is that of equation (5) with 
Version (2), equation (8)$ this gives a more unwieldy 
result.
(14) Dt = (h)ert(l - e~rm) + (1—  h)ert(l - e"™)
rm r(m-n)
These two equations set out the main cases to be
treated on the basis of assumptions about depreciation
and the distribution of the ways of depreciating assets
between the straight-line approach over the life-span of
assets and the alternative ways shown by the assumptions
under Versions 1 or 2. A particular case could be
thought of where adherence to straight-line depreciation
over the full life-span did not exist; this may not be so
fanciful in the light of the American experience where the
emphasis has always been upon quick v/rite-offs despite the
(17)change of policy during the thirties. Should this be
(17) That there is a small initial depreciation allowance 
is implicit in U.S. national income data. In National. 
Incomef 1954 Edition(U.S. Department of Commerce, 195*0 
there is an item showing capital outlays charged to current 
expenses; see Table 4, line 5, p 164. It represents about 
5 per cent of total gross private domestic fixed investment 
during the postwar years.
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th e  r e a l  s i t u a t io n  the  t o t a l  annual d e p re c ia t io n  sum might 
be b e t te r  re p re se n te d  by a com bination of the i n i t i a l  
d e p re c ia t io n  allow ance and s t r a i g h t - l i n e  d e p re c ia t io n  over 
a p e rio d  le s s  than  th e  f u l l  l i f e - s p a n  o f a s s e t s • The 
com bination would th en  be a sum of eq u a tio n s  (#) and (8)*
T o ta l annual d e p re c ia t io n  a t  t  would be
(15) Dt  = ( h ') e r t  + (1 -  h ' ) e r t ( l  -  e~rm)
r(m -n)
The ( h *) i s  a new param eter having th e  same p ro p e rty  as 
the  (h) used fo rm erly ; th e  d i s t in c t io n  has been made to  
p o in t c le a r ly  to  the  s p e c ia l  case of eq u a tio n  (15)*
The rep lacem ent com binations a re  s t r a ig h tfo rw a rd . In 
the  f i r s t  case we have a com bination of eq u a tio n  (6) 
and V ersion  A, eq u a tio n  (1 0 ) .
(16) Rt = U ) e r ( t-m )  -u (1 -  i )e r t ( l  -  e- rm)
rm
= ( i ) e r ( t - B)rm 4 Cl -  1)or t ( l  -
rm
The o th e r  com bination i s  based upon eq u a tio n  (6) and 
V ersion  B, eq u a tio n  (1 2 ) .
(17) Rt  = ( j ) e r ( t "m) + 2(1  -  .1)er ( ^ ~ ^ ( e rnl -  rm -  1 )
r 2m2
= ( .l)e r ( t - n:>r 2ni2 + 2 ( l - i ) e r ( t ~m)(e rm-rm *l)
■~I r^m^
The com pletion of the  a n a ly s is  o f th e  re v is e d  assum ptions 
r e la t in g  to  both  d e p re c ia t io n  and rep lacem ent fcakes i t  
p o s s ib le  to  come to  th e  f i n a l  s ta g e  of the  work where the  
r a t io s  of annual rep lacem ent to  annual d e p re c ia t io n  are
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computed. The whole purpose of the exercise so far has 
been to arrive at some alternative approaches to the 
analysis of this ratio so as to be able to test the generality 
of the claim that there is no reason to expect a marked di 
disparity between the two aggregates. Briefly recapitulating 
the work carried out so far, it can be seen that a number 
of alternative ways have been used for making these 
additional models and the equations derived finally 
are combinations of two different assumptions about behaviour.
Chapter 7
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Further Testing of the Relationship between 
Replacement and Depreciation - Continued»
I
In the last chapter we started with four different 
versions covering two revised assumptions about the methods 
of depreciating assets and two about the timing of 
replacement. When combined with the initial assumptions 
about full replacement at retirement and linear depreciation 
over the full life-span of assets, we have four possible 
ways of expressing the ratio of replacement to depreciation. 
However, in the case of depreciation, further possibilities 
for comparing these two aggregates were introduced in 
equation (15)5 the two revised assumptions about depreciation 
WBPe combined in that equation to give a third method of 
calculating the total annual depreciation sum. Accordingly 
the range of combinations is extended to six. We will 
now examine these combinations to see what effect the 
relaxation of the rigid initial assumptions has on the 
ratio of annual replacement to annual depreciation, (To 
avoid confusion the equations in this chapter will be 
numbered consecutively from the last one in the preceding 
chapter.)
Combination 1: In this case the method of calculating
the annual depreciation sum is taken from
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Version Kequation 13) while replacement is 
based on Version A(equation 16)•
M)er(t-m)m  + (1-Dert(l - e~rla)
Dt - e~?tafm+ (l-h)er^rm
rm
= Ci)e"rrnrm + (1-0(1 - e"rm)
Ch)(l - e"^m) + Cl-h5rm
In this example there are only three variables; rm 
being the product of the rate of growth and the average 
life-span of assets, and the parameters showing the 
proportions of total annual depreciation based upon either 
a linear calculation over the full life-span(h) or an 
initial depreciation allowance(1-h) and the distribution 
of total annual replacement between full replacement at 
retirement(j) and even replacement over the life of assets* 
In Table 6.1 the results of the calculations with various 
values of rm are shown. In the table only the extreme 
values where h and j are zero or one are given. One should 
note that the results for all values of h, where } is 
constant, follow an exponential path from right to left of 
each segment of the tables. The reults for all the values 
of 5, where h is constant, follow a linear path. The 
interpretation of this comparison between replacement and 
depreciation is straightforward. *n the first place the 
higher the value of the product of the rate of growth and 
the average life-span, the lower the ratio of replacement
Table 7.1 - Combination 1: Ratio of Replacement
to Depreciation.
____________________  ai_____________________________
rm-0.5 rm-1.0 rm-1.5
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h=l .0 
l-h=0
l-h=1.0
h=0
h=1.0
l-h-0
lTh=1.0
h=0
h=1.0
l-h=0
l-h=1.0
h=0
3=1.0)4 
1-3=0 ) 77.1 60.7 58.2 36.8 42.7 22.2
1-3=1.0)_ 
3=0 ) 100.0 78.6 100.0 63.2 100.0 51.9
Note: In this and all subsequent tables the ratios of
replacement to depreciation are shown only for the 
extreme values of h and j, i.e. where they are equal 
to zero or one. In the following example the values 
of this ratio are shown for certain values of h and 
0* so that the whole pattern of the presentation can 
be appreciated. The exponential path from right to 
left and the linear path from top to battom is general 
for all tables in this chapter except 7*5> 7.6, 7.11 
and 7*12 where the exponential path is from left to 
right. The table below is based upon that part of 
the main table above where rm=1.0.
Depreciation
Replace h=1.0 h=0.8 h-0.6 h-0.4 h=0.2 h=0.0
ment
3=1.0 58.2 52.1 47.2 43.1 39.7 36.8=0.8 66.6 42.1
=0 .6 74.9 47.4=0.4 83.3 52.6=0.2 91.6 57.9=0.0 100.0 89.6 81.1 74.1 68.2 63.2
to depreciation. Secondly, the higher the initial 
depreciation allowance(1-h), the lower the ratio of 
replacement to depreciation. Thirdly, the greater the 
proportion of replacement falling due at the retirement 
date of assets - the 'one-hoss shay* case - the lower is
188
this ratio* The one possibility of this ratio being unity 
with this equation is the case of replacement and depreciation 
being evenly distributed over the life-span of assets; in 
Table 7*1 where h equals 1*0 and 1-j equals 1.0*
Combination 2: The calculation of the annual depreciation 
sum comes from Version lCequation 13) and 
replacement is based on Version BCequation 17)*
♦ 2n--Osr<t-m >(«rm - rm - 1) (18) R+ _ r^m^
Dt fh)ert(l - e-rfflj + (l , h)e^trm
rm
= f 1 + 2(l-j)e"rm(erm- rm - 1)
[rm J[ (hj(l - e~rm; + (l - h)rm
Combination 2 is similar to the first equation in that 
there are only the same three variables in it* The one 
change is in the depreciation item where the distribution 
is between the original assumption based upon full replacement 
at retirement and the revised one where itis assumed that 
replacement rises linearly throughout the life of assets*
The calculation of the ratio of replacement to depreciation 
with various values for rm is shown in Table 7*2; as in the 
previous case when there when there are regular intervals 
between the various values of h, the rate of change from one 
tothe next is exponential* For all values of i the absolute 
change oß the ratios remains constant. The results of putting 
different values on rm show the same pattern of bahaviour as 
in Combination 1 with the exception that the ratio of
Table 7.2 - Combination 2: Ratio of Replacement to
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Depreciation
_____________  ax________________________________rm=0#5 r m = 1.0 rm=1.5h=1.0 l-hsl,0 h=1.0 l-h=1.0 h=1.0 l-h=1.0l-h=0 h=0 l-h=0 h=0 l-h=0 h=0
d=i.o)_l-j=0 ) 77.1 60.7 58.2 36.8 b2.7 22.2
j=0 ) 91.8 72.3 83.6 52.8 76.4 39.7
replacement to depreciation is always less than unity. The 
higher the initial depreciation allowance which, in the 
context of Table 7*2 is represented as an increase in the 
parameter 1-h, the lower the ratio between replacement and 
depreciation. In the case where replacement rises linearly 
as assets age - the 1-j parameter rises from zero to one - 
the ratio moves up towards uhity. Nevertheless it is 
always less than unity and, when compared with Combination 
1, it can be seen that the maximum is significantly lower. 
Combination 1; In this case the ratio reflects a combination 
of a depreciation based partly on Version 2 
fequation lb) and relacement from Version A 
(equation 16).
(20) (l-.1)ert(l - e~rm) + m e r(t-m)rm ______ _______ rm(l-h)ert(i - e-rm) ( (h)ert(l - e-ra) 
r(m-n) • rm
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) (1-0(1 - e-rm) + (-1)e“rmrm
- L(l-h)m(l - e“^ !) + (m-n) (h) (1 - e'rra)_
f (m-n) ] 1(1--0(1 - e"rm) + (.iQe-^rmj[ U  - e-rm)[( (1-j ) m + ( h ) ( m - n ) J
In the third combination an additional variable is 
introduced owing to the changed assumption about the 
pattern of depreciation* The equation showing total annual 
depreciation comprises a component (h) based upon a linear 
calculation over the full life-span of assets and another 
component (1-h) representing linear depreciation over a 
period less than the full life of assets - the position 
where the writing-off of assets is accelerated* The variable 
m-n indicates the reduced time over which the assets are 
depreciated* In Table 7*3 examples are shown indicating 
the effects of changes in the rate of growth of gross 
investment (r), the average life-span of assets (m), and the 
revised period over which assets are written-off (m-n)* 
Although a higher rate of growth suggests a lower ratio of 
replacement to depreciation, the effects are more complex 
when looked at in relation to changes in the other variables* 
If the replacement parameters are constant, a change in 
the average life-span (m) or in the period over which 
accelerated depreciation is written-off (m-n) does not lead 
to such large variations in the ratio when the rate of 
growth is high. On the other hand, if the depreciation 
parameters are constant, a higher rate of growth brings a
Table 7 »^  - Combination 3 : Ratio of Replacement to
Depreciation
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mh=1.0 l-h=1.0 h=1.0 l-h=1.0 h=1.0 l-h=l<
l-h=0 h=0 l-h=0 h=0 l-h=0 h=0
m = 30 years m-n = 25 years
rm-0 .5 rm=1.0 rm=1 .5
3-1.0).
1-3=0 ) 7 7 .1 6 4 .2 58.2 4 8 .5 4 2 .7 3 5 .6
l-j=1.0),
j = o  ) 100.0 83.3 100.0 8 3 .3 100.0 83.3
a 11 -r 0 years m-n = 35 years
rm=0 .5 rm:=1 .0 rm=l*5
j=1 .0)_
1-3=0 ) 77.1 67.4 58.2 50.9 4 2 .7 3 7 .4
1-3=1.0)_
3=0 ) 100.0 87.5 1 0 0 .0 87.5 1 0 0 .0 8 7 .5
011a years m-n = 30 years
rm=0 .5 rm:=1 .0 rm=1 .5
3=1.0)
1-3=0 ) 77.1 57.8 58.2 43.6 4 2 .7 32.0
1-3=1.o)_3 = o  ) 100.0 75.0 100.0 75.0 100.0 75.0
Note: The rate of growth incorporated in the first example 
in this table differs from that of the other two.
With an rm of 0 .5  and an m of 30 years, the rate of 
growth is 1 .6 6 6 per cent; with an rm of 0 .5  and an m 
of bO years, the rate of growth is 1 .2 5 per cent. If 
the same rate of growth was applied in the first 
example instead of the same rm the ratios of replace­
ment to depreciation would be substantially higher.
widening of the margin between the possible values of the 
ratio. An example should illustrate these points.
As one moves from left to right on this table there is 
an implied increase in the rate of growth. When comparing
the second and third examples it can be seen that a reduction 
in the accelerated writing-oßf period (m-n) from 35 to 30 
years will not have the same impact upon the ratio of 
replacement to depreciation if the rate of growth is high; 
an rm of 1.5 instead of 0.5* The first two combinations 
emphasised the importance of the rate of growth and the 
average life-span (m) but this one puts stronger emphasis 
upon the rate of grwoth alone. But when the rate of growth 
is low, as in the case of an rm of 0.5, a small variation 
in the period over which accelerated write-offs are 
calculated can have a significant impact upon the ratio. 
Combination 4 : The ratio is based upon depreciation calculated 
partly from Version 2 (equation 14-) and 
replacement from Version B (equation 17)
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m er(t'm)r2m2 + - rm - 1)
Rt - ,D+ Cl-h)er^Cl - e-rm ) ^ (h)ert(i - e“1'“)
r(m-n) rm
= f (m-n) r m e-rmr2m2 + 2 (1- -p e_rnl ( erm-rm-l )j
[(1 - e~^m)rm (l-h)m + (h;(m-n; J
This combination differs only slightly from the previous 
one. Whereas in Combination 3 one component of annual 
replacement was based upon an even distribution over the 
life-span of assets, it is substituted in this equation by 
a component based upon a linear increase in replacement over
the life-span of assets* However, this change does not 
lead to any substantial variations in the results obtained 
from the previous combination* At no time does the ratio 
of replacement to depreciation equal unity. In Table 7 *^ 
the calculations based upon equation (2 1) are shown; they 
confirm the conclusions reached in the discussion of Table 7*3
Table 7 . 4  - Combination 4 : Ratio of Replacement to
Depreciation
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(%)
h=1.0 l-h=1.0 h=1.0 l-h=1.0 h=1.0 l-h=l
l-h=0 h=0 l-h=0 h=0 l-h=0 h=0
m = 30 years m-n = 25 years
rm=0 . 5 rm=1.0 rm=1.5
j=1.0)_
1-3=0 ) 7 7 .1 6 4 .2 58.2 vs.? 42.7 35.6
1-3=1 .0)_ -
3=o ) 9 1 .8 7 6 . 5 83.6 69.7 76.1+ 63.7
m = bO years m-n = 35 years
rm=0 . 5 rm=1 . 0 rm=1 . 5
3=1 .o)_
i-3=o ) 77.1 67.4 58.2 50.9 1+2 . 7  3 7 .4
l-3=l.o)_
3=o ) 91.8 80.3 83.6 73.2 7 6 .4- 6 6 .8
0J-11B years m-n = 30 years
rm=0 . 5 rm=1 . 0 rm=1 . 53=l.o)_
1-3=0 ) 77.1 57.8 58.2 1+3.6 4 2 . 7  32.0
l-3=l.o)_
3=o ) 91.8 68.9 83.6 62.7 7 6 . 4  5 7 .3
Note: The comments in the note to the previous table are 
relevant for this one also.
These four combinations contain the blending of the 
revieed assumptions about replacement and depreciation with 
the original ones put forward by Doinar. Thus Domar’s model 
appears as a special case in the above combinations where 
h and j are equal to one# It will be recalled that in 
equation (15) a formulq was given for total annual 
depreciation comprising a combination of the initial 
allowance and linear or straight-line depreciation over a 
period less than the average life-span of assets# In short 
Domar's assumption about the behaviour of depreciation is 
eliminated. The remaining two combinations in this section 
are concerned with relating this equation (15) for annual 
depreciation with the two versions of replacement# (The 
parameter h* relates to the component representing the 
initial depreciation allowance while the other, l-h!, refers 
to depreciation over the period less than the average life­
span#)
Combination 5: The depreciation sum comes from equation (15) 
while the replacement is based upon equation 
(16).
(l-i)ert(i - + f n . r(t-m?rnl
(22) Rt = ______  __ t _____ rm
Dt (l-ht )elJ^ (l - e"™) + (hf )er^r(m-n)
rdm-n)
194
1 - e~rm) + (n - e - ™ y  + ,i)e~rmrm ~] (h' )r(m-n)J
In Table 7*5 we have the results of applying various 
estimates of the rate of growth and the average life-span 
of assets. As one would expect owing to the nature of the 
assumptions about the determination of annual depreciation, 
the ratios of replacement to depreciation are low* Although 
Table 7*5 - Combination 5: Ratio of Replacement to
Depreciation
195
K=1.0 l-h=1.0 H = l . o  :i - f l = i . o  h - 1 . 0  i - r t = i . o
l-li=0 H=0 1-11=0 H=0 1-H=0 h-0
m = 30 years m-n = 25 years
rm= iTN.o rm=l .0 rm=l.J
j=l.o)_ - - -
l - 3 = o  ) 6 0 . 7 6 4 . 2 3 6 . 8 4 8 . 5  2 2 . 2  3 5 . 6
1 - 3 = 1 . o ) _ -
3=o ) 7 8 . 7 8 3 . 3 63.2 8 3 . 3  5 1 . 9  8 3 . 3
o-ifIIa years m-n = 35 years
rm=:0 . 5 rm=l .0 rm=1.5
3 = i . o ) -
i - 3 = o  ) 6 0 . 7 6 7 . 4 3 6 . 8 5 0 . 9  2 2 . 2  3 7 . 4
1-3=1 .0)_ -
3=o ) 7 8 . 7 8 7 . 5 6 3 . 2 8 7 . 5  5 1 . 9  8 7 . 5
m ~ 40 years m-n = 30 years
rm=:0 . 5 rm=l .0 rm=1.5
3 = 1 . o ) _ - - -
i - 3 = o  ) 6 0 . 7 5 7 . 8 3 6 . 8 4 3 . 6  2 2 . 2  3 2 . 0
1 - 3 = 1 . o ) _ -
3=o ) 7 8 . 7 7 5 . 0 6 3 . 2 7 5 . 0  5 1 . 9  7 5 . 0
the general pattern of change in the ratios follows the 
previous experience, an interesting feature is the reversal 
of the direction of change in the thitd example. In most 
cases the ratio rises as the parameter 1-h increases, i.e.
1 9 6
as ve move from column 1 to column 2, from column 3 to 
column 4, and from column 5 to column 6* However, in the 
third example the ratio falls as we move from column 1 to 
column 2. The explanation for this phenomenon lies in the 
low rate of growth - 1*25 per cent - associated with a 
large margin between the period in which assets are written 
off and the actual life-span of assets* If the rate of 
growth is low there will not be a very marked difference 
between the annual investment figures at the beginning and 
the end of the series even should the period be long* But 
should the period in which the assets are depreciated be 
much shorter than the full life-span, the annual depreciation 
based on this method of computation will exceed an initial 
depreciation allowance even if it is 100 per cent of 
current gross investment.
Combination 6: The same depreciation item is combined with 
the annual replacement sum taken from 
equation (17)*
(i)er(t-m )r2m2 + 2(1-i)er(t~m)(erm - rm - 1)(23) _Ei = r2nrDt (1-h'^artq - e-rnö + (h1 )ertr(m-n)
r(m-nT
ßssSR:1)e-™r2m2 + - rm - p]
i rm Jt (1 - h ’K l  - e-rm)
The conclusions stemming from this equation do not 
differ greatly from those derived from the preceding
combination. Within the equation a change is made from 
the last combination; one of the replacement items has been 
altered. Whereas in the previous case it was based upon an 
assumption of an equal distribution over the life of assetss, 
the component 1-j reflects a linear rise in replacement 
through the full life of the asset. The 'one-hoss shay* 
assumption is common to both equations. The various ratios 
based upon this combination are shorn in Table 7 .6 ; the 
Table 7 .6 - Combination 6 : Ratio of Replacement to
Depreciation
19?
h-1.0 1-h-l,►0 h-1.0 l-h-l.0 hfa1.0I-h-1.0
l-h-0 h-0 l-h-0 h-0 l-h^O h- 0
m = 30 years m-n = 25 yearsoIIb .5 rm=l .0 rm=1 .53 = i . o ) _  
1-3=0 ) 60.7 6 4. 2 36.8 4 8 .5 22.2 35.6
1-3=1 .o)_
3=o ) 7 2 .3 76.5 52.8 69-7 39.6 63.7
m = 40 years m-n = 35 yearsoiiBt-i .5 rm=l .0 rm=1 .5
3=1 -o)_ 
l-3=o ) 60.7 67 . k 36.8 5 0 .9 22.2 37.4
1-3=1.o)_
3=o ) 7 2 .3 8 0 .3 52.8 7 3 .2 3 9 .6 6 6 .8
m = l+o years m-n = 30 years
3 II O • 5 rm=l .0 rm=l*5
3=1 .o)_ 
l-3=o ) 6 0 .7 5 7 .8 36.8 4 3 .6 22.2 32.0
1-3=1.o)_
3=o ) 7 2 .3 68.9 52.8 6 2 .7 39.6 57.3
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pattern is much the same as for the previous table though 
some differences can be detected. In the first place the 
various estimates of the ratio are generally lower in 
this combination than in the previous one. Secondly, the 
margin between the ratios is smaller in Table 7*6.
The main factors in all these models are the rate of 
growth of gross investment and the average life§span of 
assets. In addition we have those parameters h and j which 
indicate the relative weights to be attached to the 
components of replacement and depreciation. Clearly, these 
weights make for wide variations in the ratios but comment 
upon the significance of this aspect of the models will be 
dealt with in the final section of the chapter. Although 
the models are dominated by the assumed rate of growth as 
this sets the basis about which the ratios are determined, 
the notion of a depreciation policy related to a period sh 
shorter than the full life of assets introduces important 
subsidiary effects. A small shift which reduces the 
depreciation period at a time when there is no change in 
the life of assets is seen to have a substantial impact upon 
the ratio of replacement to depreciation. This does suggest 
another way of accumulating the 'new* savings for the 
expansion of productive capacity. Agreement upon a change 
in the methods of depreciating assets should be much easier
to achieve than sharp rises in the rate of growth of gross 
investment«
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II
So far in this chapter we have been considering the 
case where prices are constant* In this section that 
restraint is relaxed and additional variables to account 
for price changes are introduced in the models* However 
it is assumed that depreciation is based upon historic cost 
so that the price adjustment applies only to the replacement 
calculations!1  ^ The first task is to revise the previous 
equations relating to replacement* They will then be 
compared, as in the previous section, with the various 
equations showing depreciation to get the same sort of ratios 
as in equations (18) to (23)*
With the change to models allowing for price rises 
there is a slight alteration in terminology; r now represents 
the overall rate of growth of gross investment, i is the 
rate of growth of prices, and u is the real rate of growth 
of gross investment* In equation (4) the annual replacement 
at t was equal to gross investment m years previously*
Rt = Gt-m = er(t-m3
(l) If depreciation is based upon replacement cost then There^ 
is no difficulty as the equations for replacement and 
depreciation would be the same as in the example for constant 
prices* When the ratios comparing replacement to depreciation 
are drawn up the variables included to take account of price 
rises cancel out*
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This was the expression when all replacement toof place at 
the time the asset was retired$ the familiar !one-hoss shay 
case. But if this equation is adjusted for price rises 
between t-m and t we have
(24) R t = Gt_meim = er(t-m)eim
What this says in effect is, given the assumptions about 
the behaviour of replacement, the value of assets being 
retired at t is equal to the value of gross investment at 
t-m increased by the price increases between t-m and t.
Thus e1 expresses the constant rate of price increase over 
m years. However total annual replacement comprises two 
parts R-{- = R ft + R , *t and the*one-hoss shay* case refers 
only to the first of the two items. The other item covers 
that part of total replacement which is distributed over 
the life of assets as in Versions A and B # From (24), and 
using the parameter j to distinguish between the two 
components, we have
(25) R't = (3)er(t-m)eim
In the other sector, R f,t> the equations based upon 
Versions A and B have to be modified to meet the case of 
price rises. Once this has been done the two components 
can be brought together, as in the preceding section, to 
get an equation for total annual replacement at t.
Version C; This is a repetition of Version A with the 
addition of a variable for price increases.
Replacement is distributed evenly over the average 
life-span of the gross capital stock. When the 
variable for price rises is introduced we get 
instead of equation (9)
(26) R " t  = (1-1) fer(t“m+x)ei(m"x)dxm J0
which on integration yields
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(27) 11 (l-i)ert(l - a-m(r-i)) 
m(r-i)
Version D: In this case the replacement assumption is taken 
from Version B where the pattern of replacement 
is based upon a linear rise from the installation 
date of the asset to the retiring date m years 
later. In Version B the initial equation was 
R' ' + = 2(1-1) f(m-x)er(t"m+x)dx
but for the purposes of this section we must 
bring price rises into the above equation so 
that it becomes
(28) t I 2(1-1) H m-x)er(t-m+x)e1(m-x)dx
m* l
which yields
m(i’r2  + mem(i-r)]
With these two equations we have the two components of 
total annual replacement# Each is combined with that 
equation shown in (25) which represents the 'one-hoss shay1
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case from the original assumptions underlying Domarfs model* 
First, we will look at the results of combining equation 
(25) with Version C, equation (27)*
(29) Rt = (j)er(t-m)elm + (1-i) ert(l -
m(r-i)
m(r-i)
Secondly, we have the other combination giving us an 
estimate of the annualddepreciation sum. This is based 
on equation (2?) and Version D, equation (28).
(30) Rt = (j)er(t-m)einl + A w l Q .  am(1-r) + mem(i“r)J
T m2(i-r) li-r “ i-r J
= °rt m em(i-r)m2Ci.r H 2 n .n  ,! em(i-r) mem(i-r) 
m2(i-r5 ^i-r *’ i-r
The completion of the analysis about the effects of 
price changes upon the various assumptions about replacement 
behaviour makes it possible to turn to the critical issue 
of the chapter - the ratios of replacement to depreciation.
The work involved here is a comparison of the equations for 
replacement in which account has been taken of price changes 
with the equations for depreciation which, because they are 
based upon historical cost, are the same as those of the 
preceding section.
Combination 7: In this case the method of depreciating
assets is based upon Version 1, equation (13) 
and the replacement equation comes from
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Version C, equation (29).
(.1)er ( t - m)e lnB rr - i )  + (l-Oert(l - e ^ - ^ )
(3D _Sl ________ ________ m(r-l) \Dt (hTeFfc(l - e"xgl) + (l^hTP^rmrm
r (Oen(i"r)m(r-i) + (1-0(1 - e_!a(r_i))]
r-i . (h)(l - e-fra) + (l-h)rm J
One can see the implications of putting price changes 
into these models. Whereas in the previous section as well 
as much of the earlier work the implication had been that 
prospects for the growth of output would be enhanced by a 
higher rate of growth or a longer average life-span, we 
now find a more complex situation* Not only is the rate 
of growth suspect but also the importance of the average 
life-span. In the latter instance one should grasp that 
the longer lived the asset, the greater the possible 
differencebetween the original and replacement cost of the 
assets. The overall rate of growth (r) is only one factor 
which must be considered along with the rate of growth of 
prices and the real rate of growth. In Table 7*7 the 
results of testing Combination 7 with some data which is 
something akin to the existing position of the United 
States are shown. The general conclusions are relevant 
to most of the combinations reviewed in this chapter. 
However the examples presented in Table 7*7 do not cover
Table 7 .7  -  Com bination 7; R a tio  of Replacem ent to
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D ep rec ia tio n  when allow ing  fo r  p r ic e  
movements
m
h=1.0 1-11=1.0 h=1.0 l-h = 1 .0
l-h = 0  h=0 l-h = 0  h=0
r=6 p er cen t i=3 per cen t u=3 p e r cen t
m = 30 y ea rs m = 40 y ea rs
3=1.0)
1- 3=0 > 87 .7  4 0 .7 7 9 .5  30.1
1- 3=1 . 0 ) -
3=0 ) 142.2 65 .9 153.7 58.2
r=5 p er cen t i=2 p er cen t u=3 p er cen t
m = 30 y ea rs m = 40 y ea rs
3=1.0)_
1-3=0 ) 78 .5  40 .7 69.7  30 .1
1 -3 = 1 .0 )
3=0 ) 127.3  65.9 134.7 58.2
r=7 p er cen t i=4 p er cen t u=3 p e r cen t
m = 30 y ea rs m = 40 y ea rs
3=1.0)
1- 3=0 > 97 .3  40 .7 89.8  30 .1
1 -3= 1 .o)_
3=0 ) 157.8  65.9 173.6 58.2
a l l  p o s s i b i l i t i e s  as they  a re  based upon th e  same r e a l
r a t e  o f growth o f g ro ss investm en t in  a l l  cases*  Given
the same r e la t io n s h ip  between th e  r a te  o f p r ic e  in c re a se
and the  r e a l  r a te  of grow th, an in c re a se d  r e a l  r a t e  of
growth means a w idening o f th e  v a r ia t io n s  in  the  r a t i o  of
( o )
rep lacem ent to  d e p re c ia t io n .  J But the  minimum r a t i o  i s
(2 ) An example may h e lp  to  c l a r i f y  th e  p o in t .  In  Table 7*7 
in  the  second example where th e  m is  30 y e a r s ,  we have a 
r e a l  r a t e  o f growth o f 3 p er cen t and a r a te  of p r ic e  
in c re a se  o f 2 p e r  c e n t .  Suppose bo th  r a te s  a re  doubled so 
th a t  the  e x is t in g  r e la t io n s h ip  between them is  m ain ta in ed ;
reduced more than proportionately by comparison with the 
maximum; the expression (l-h)rm in equation (31) is 
dominant.
Superimposed on this trend are the effects of a 
relative change in the rate of growth of prices and real 
investment, and a shift in the average life-span of assets. 
If the rate of growth of prices rises relatively to the real 
rate of growth, there is an overall rise in the ratio of 
replacement to depreciation except in the case where the 
initial depreciation allowance is 100 per cent, i.e. where 
1-h is equal to one. When the other aspect is examined, 
i.e. the difference between j being equal to zero and one, 
we find that the increase is proportional from one situation 
to another. For example, as wemove from example 2, column 
1 to example 1, column 1, the estimated ratios shift from 
between 78.5 per cent and 127.3 per cent to 87.7 per cent 
and 142.2 per cent. Much the same sort of pattern emerges 
when the effects of an increase in the average life-span 
are reviewed. The margin betweeh the ratios is widened in 
all instances but there is no general reduction, in fact 
(2) -continued-
then the ratios of replacement to depreciation will be as 
follows: h=1.0 l-h=1.0 h=1.0 l-h=1.0
l-h=0 h=0 l-h=0 h=0
m = 30 years
v~5% > i.-2%, u=3$ r=10$, i=4 %, n=G%3=i.o)_
1-3=0 ) 78.5 40.7 52.2 16.5
1-3=1.0)_
3=0 )
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127.3 65.9 146.4 46.4
the pattern is the same as for an increase in the real 
rate of growth mentioned in the last footmote* Once the
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effects of price increases are incorporated in these models 
the complexity of the expressions is soon apparent and the 
precision in interpreting the effects of changes in the 
variables is diminished*
Combination 8: Once again we use equation (13) for the 
depreciation item but the replacement
pattern comes from Version D, equation (30)*
(mCi-r).mjnCi-r)
(32) _St 
Dt
<•'*) 1'r)m2(l-rHgfl-1
ü^e-^1 + Q-h^ert-rm
m(i-r)
ll-h^^^r "
' r i r(.1)em(l"I>>m2(i-rH2n-i)(ir;- ~  
m(i-r)J (h) (l - e~riü; + (l-h)rm
_+me
In this combination the (1-j) component of total replace­
ment is based upon the assumption of a linear rise in 
replacement over the life-span of assets* In the preceding 
combination this componentsreflected an assumption of an 
even distribution over the life-span* But the effects of 
this change have no significant impact upon the results 
derived from the previous table* In Table 7*8 we see that 
the pattern is repeated though there is one exception - in 
the second item with an increase in the life-span of assets 
the ratio of replacement to depreciation does not rise in 
the extreme case where h and 1-j are equal to one* The
Table 7.8 - Combination 8; Ratio of Replacement to 
Depreciation when allowing for price 
changes
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HIh=1.0 l-h=1.0 h=1.0 l-h=1.0
l-h=0 h=0 l-h=0 h=0
m = 30 years m = 40 years
r=6 per cent i=3 per cent u=3 per cent
1-3=0 ) 87*7 4-0*7 7 9 .5 30.1
1-3=1.0)i 1 2 1 .1 5 6 .2 123.7 46.9
r=5 per cent i=2 per cent u=3 per cent
3=1.0)1-3=0 ) 7 8.? 40.7 69.7 30.1
1-3=1.0) . .
3=0 ) 1 0 8 .5 5 6 .2 108.4 46.9
r=7 per cent i=4 per cent u=3 per cent
3=1.0)_
1-3=0 ) 97.3 40.7 89.8 30.1
1-3=1.0)_
3=0 ) 134.4 56.2 139.7 46.9
reason for this is the smaller the price rise the more 
closely this combination approaches the case of Combination 
2 where a rise in the rate of growth or a lengthening in the 
average life-span leads to anoverall reduction in the ratio* 
Combination 9: This ratio is composed of a depreciation 
series taken from equation (14) and a 
replacement pattern incorporating Version C, 
equation (2 9)*
H)m(r-l)er(t~m)Rlm + (]-P.rt(l - ft-n(r-D)
(33) Jit = " . . ~ mYr-iJ~~ --W T -Dt (l-h)mer^(l - e"1 ) + (h)(m-n)erEfl - e ym)
rm(m-n)
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1 r(m-n)
(h)(m-n) + (l-h)m
Table 7.9 - Combination 9: Ratio of Replacement to 
Depreciation when allowing for price 
changes
3=1.0) 
l-j=o ) 37.5
m = 3 0  years
7 2 . 9  7 8 . 3
m-n =
65*3
2 5  years 
9 7 . 1  8 O . 9
1-3=1.0)_ 
3=0 ) 142.2 118.5 127*3 106.1 157.8 131.5
3=1.0)_ 
1-3=0 ) 79.5
m = 40 years 
69.6 69.7
m-n = 
61.0
35 years
8 9 . 8  7 8 . 6
1-3=1.o)_ 
3=o ) 153.7 134.5 134.7 117.9 173.6 151.9
3=i.o)_ l-3=o ) 79.5
m = 40 years 
59.6 69.7
m-n = 
52.3
3 0  years 
89.8 67.3
1-3=1.0)_ 
3=o ) 153.7 115.3 134.7 1 0 1 . 0 173.6 130.2
In this combination, as in the one that follows, the 
equation for depreciation differs from that used in the 
two preceding combinations* In place of the initial
209id upoidepreciation allowance the component (1-h) is basea n 
linear depreciation over a period less than the full life 
of assets« One feature of this alteration is that the 
minimum ratios of replacement to depreciation are higher 
than in the previous two combinations« As Table 7*9 
indicates, the effects of changes in the relative rates of 
growth of investment and prices are inall other respects 
the same« The effect of a shortening of the period over 
which assets can be depreciated, given no change in the 
average life-span, is much the same as in Tables 7»3 and 
7«^« The ratio falls as m-n declines except in the case 
where h is equal to one«
Combination 10: The comparison made here is between
depreciation based upon equation (l*f) and 
a pattern of replacement related to Version 
D, equation (30),
, j uM  - tO .me1
(3*0 _St
|(.1)eni:i"r:)m2(i-r)+2(l-i)(i-r~0‘i i-r *me JL m^ Ci-rV
(l-h)mert(l- ~
rm(m-n)
fr(m-n)
|m(i-r)
m(i-r) m(i-r)
(j )em(i-r)m2(i-r)+2(l-.i)^i-r i-r *__
(l-h)m(l - e~™) + (h)(m-n)(l - e"™)
Although the general pattern of the various ratios is 
much the same for this combination as the preceding one, 
there is one hotable difference« There is much lower 
maximum limit to this series when compared with those 
shown in Table 7* 9* In Table 7*10 one can see this
marked difference in the various examples that have been 
used* The reason for the difference lies in the changed 
replacement component (1-j) which, in this combination, 
reflects a linear rise over the life of assets* Thus any 
replacement spending reflects gross investment expenditure 
at an earlier period in this model than in the preceding 
one and so accounts for the differences arising between
Table 7*10 - Combination 10: Ratio of Replacement to 
Depreciation when allowing for price 
changes
210
inh=1.0 l-h=1.0
l-h=0 h=0
r=6 per cent 
i=3 per cent
h=l*0 
l-h=0 
r=5 per 
i=2 per
l-h=1.0
h=0
cent
cent
h=1.0 l-h=l 
l-h“0 h=0 
r=7 per cent 
i=4 per cent
J=1.0)_ 
1-3=0 )
m = 30 years 
84.0 70.0 78.5
m-n =
65 *4
25 years 
97.3 81.1
1-3=1.o)_ 
3=o ) 116.1 96.7 108.5 90.4 134.4 112.0
3=1.°)_ 
l-3=o )
m = 40 years 
79.5 69.6 69.7
m-n = 
61.0
35 years 
89.8 78.6
l-3=l.o)_ 
3=o ) 123.7 1C8.2 108.4 94.8 139*7 122 *2
3=1.o)_ 
1-3=0 )
m = 40 years 
79.5 59.6 69.7
m-n =
52.3
30 years 
89.8 67.3
M 1
C_
J.
 C_
l.
1! 
II 
O
H • 0 1
123.7 92.8 108.4 81.3 139.7 104.8
them
It will be recalled that when computing the equations 
under Versions 1 and 2 a special case was introduced 
incorporating both revised assumptions about the methods 
of depreciating assets, i*e. a combination of the initial 
depreciation allowance and straight-line depreciation over 
a period less than the average life-span of assets. The 
previous combinations in this section comprise one or other 
of these revised assumptions along with the original assump­
tion of straight-line depreciation over the average life­
span of the capital stock* The special case was shown in 
equation (15)* Thus we have in Combination this equation 
coupled with a replacement pattern taken from Version C, 
equation (29)*
Combination 11;
(35) _Rt Dt
(1)m(r-i)er ^t~m ^exm +
(l-h’)ert(i -
r(m-n)
(h1)e^^r(m-n)
/r(m-n)1f(.i)m(r-i)em ^i~r  ^+ (l--1)(1 - e~m (r-*)) 
I m(r-i)J|(l-h‘; (1 - e“1"01) + (h*;r(m-n) .
One obvious feature of equation (35) is that the ratios 
of replacement to depreciation are lower; the reasons lie 
in the calculation of annual depreciation* Indeed the 
whoää equation is dominated by the item (h’)r(m-n) which 
is the initial depreciation allowance estimate* But the
most minor changes in a system of accelerated depreciation 
lead to reduction in the ratio of replacement to depreciation* 
This is true if the period over which the assets are 
written off is shortened or the proportion h* of total 
annual replacement is changed. In Table 7«11 various ratios 
based upon similar data as in the previous examples are 
presented. The effects of an alteration in the relative
Table 7.11 - Combination 11: Ratio of Replacement to 
Depreciation when allowing for price 
changes
______________ _ _________  ax_________________________________h-1.0 l-h-1.0 h-1.0 l-h-1.0 h-1.0 l-hfc1.0
l-h-0 h-0 l-h-0 h-0 l-h-0 h-0
r=6 per cent 
i=3 per cent
r=5 per cent 
i=2 per cent r=7 per cent i=I+ per cent
3=1.0)i-j=o )
m
40.7
= 30 years
73.1 40.7
m-n =
65
25 years 
40.7 81.1
1-3=1.o)_ 3=o ) 55.9 118.5 65.9 106.1 6 5 . 9 131.5
m = 40 years m-n = 35 years
3=1.o)_ 
1-3=0 ) 30.1 67.3 3 0 . 1 61.0 3 0 . 1 78.6
1-3=1.o)_ 3=0) ) 58.2 1 3 0 . 2 58.2 117.9 58.2 151.9
m = bO years m-n = 30 years
3=1.°)_ l-3=o ) 30.1 59.6 3 0 . 1 52.3 3 0 . 1 67.3
i-3=l.o)_ 
3=0 ) 58.2 115.3 58.2 101.0 58.2 1 3 0 . 2
rates of growth of prices and investment are seen readily* 
When the rate of price increase rises more than for real 
investment, i.e. r-i=u, the margin between the ratios of 
replacement to depreciation increases but the shift is 
not uniform* With h* constant, the margin between the 
positions where i is zero and one will only increase 
proportionately except in the case where h* is one and then 
there is no change. On the other hand where j is constant 
the increase in the margin between the ratios must be more 
than proportional as ratios with h' equal to one are 
constant* These features can be seen by examining each 
of the three groups; starting with the example where the 
rate of price rise is lowest, i.e. column 2, and comparing 
the results with columns 1 and then 3«
Combination 12 : The depreciation sum is the special case
taken from equation (1?) while the 
replacement pattern is based upon Version 
D, equation (30).
1  e m ^ ^  '
er^f (.i )em ^ " r ^m^(i-r)+2(l-.l)(i-r" i-r _________ 1
(36) R+ - i m^Ci-r) -
“ t a ~ h O e rt(l-e”r m ) + C h O e T t r T ^ n T
r(m-n)
1 e
!a(.1-r)m2 (l-r)t2(l.i)(I ? '
( l - h O a - e -™ )  + (h')r(m-n)
m(i-r)
-+mem(i-
As in earlier cases the change in one component of the
rep lacem ent eq u a tio n  does n o t r a d ic a l ly  a l t e r  th e  p a t te r n  
o f the r a t i o s  e s ta b l is h e d  in  th e  p rev io u s com bination* 
Table 7*12 shows th e  same s o r t  o f r e s u l t s ; t h e  most 
n o tic e a b le  f e a tu re  i s  th a t  they  a re  a t  a lower le v e l  th an  
in  Table 7*11* The reaso n  f o r  th i s  d if fe re n c e  l i e s  in  th e  
assum ption  u n d erly in g  th e  component ( 1 - j ) .
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Table 7.12 -  Combination 12: R a tio  of Renlacem ent to
D eo rec ia tio n  when allow ing f o r  o r ic e
changes
cm
b!=1 .0  l - h - 1 .0  h -1 .0  l - h - 1 .0
l - h - 0  h -0  l - h - 0  h-0
r=6 p e r  cen t r=5 p e r  cen t
1=3 p er cen t i=2 p e r cen t
h -1 .0  l - h - 1 .0
l - h - 0  h -0
r=7 p e r cen t 
r=4 p e r cen t
1
o•HO
 
II 
II
T
J
T
J1fH
m = 30 y ea rs  
4 0 .7  73 .1  40 .7
m-n = 
6?.*f
25 y ea rs  
4 0 .7  81 .1
H 1
C—
h
 C_
l.
II 
II 
O
H • O
VT
*'
56.2  101.0  56.2 90 .4 56,2 112.0
3 = i.o )_  
1-3=0 )
m = 40 y ea rs  
30 .1  69 .6  30 .1
m-n = 
61 .0
35 y ea rs  
30.1  78 .6
H 1
C
_I
.C
_I
.
II 
II 
O
H • 0 1
4 6 .9  108.2 4 6 .9 94.8 4 6 .9  122.2
3=1.0) 
1-3=0 )
m * 40 y ea rs  
3 0 .1  59 .6  30 .1
m-n = 
?2 .3
30 y ea rs  
30 .1  67 .3
1 -3 = 1 .o)_ 
3=0 ) 4 6 .9  92 .8  4 6 .9 81.3 4 6 .9  104.8
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When the results of working through the effects of 
price changes on these models of the relation between 
replacement and depreciation are analysed one gets a much 
different impression of the matter by comparison with the 
previous section where the ratios are examined on the basis 
of a constant price assumption# Foremost we have the 
obvious comment to the effect that the ratios are much 
higher when allowance has been made for price rises* In 
the examples which have been used to explore the possibilities 
of the various combinations it can be seen that these ratios 
are, incertain cases, as much as 100 per cent higher* 
Consequently, we have a better appreciation of the possible 
developments in these ratios* Secondly, although the rate 
of growth of real gross investment is a major determinant 
of these ratios, its impact is bluntened when compared with 
its effects upon the simpler models* With the introduction 
of variables for price changes, the real rate of growth 
has to be considered in relation to the rate of price rise*
In addition a lengthening in the assumed average life-span 
of the capital stock does no longer assure a reduction of 
these ratios I Tables 7*6 to 7»1° show up this feature* Not 
only does the final outcome depend upon the relative rates 
of growth of the variables but also upon the absolute size 
of these rates of growth*
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At the beginning of this chapter we set out to answer 
two questions about the nature of the relationship between 
replacement and depreciation. It will be recalled that, 
at the end of Chapter V, the implications of the supposed 
variation between annual replacement and annual depreciation 
were examined to see how the rate of growth of output 
could be assisted or, in the context of unemployment, 
the accumulation of excess savings could be forestalled.
But there was a clear recognition of the inadequacy of 
placing too much stress on these conclusions without looking 
further at some of the assumptions underlying these models.
The two questions can be readily stated. First, what effect 
followed from a relaxation of Domar's original assumptions 
about the behavious of replacement and depreciation.
Secondly, after examining the possible alterations to these 
original assumptions, what changes would occur in the ratio 
of replacement to depreciation.
Although reservationscould be expressed about the 
generality of the alternative hypotheses describing replace­
ment and depreciation, the twelve combinations used in this 
chapter give a surprising diversity in the measurement of 
this ratio. However, in the light of experience, some of 
the combinations can be said to have a most limited 
application; perhaps they may be described of only theoretical 
interest. For example, one of the variable components in
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the equations representing the pattern of depreciation is 
the initial depreciation allowance; it is the component 
with the parameter 1-h in Tables 7.1, 7*2, 7*7 and 7*3 and 
h* in Tables 7*5> 7*6, 7*11 and 7* 12. Although all these 
parameters are shorn with values between zero and one, we 
would think of a 20 per cent or even a 40 per cent initial 
depreciation allowance but no more than this. If this is 
the case then the weight to be given to this parameter 
in the various combinations containing an expression for 
an initial depreciation allowance should be, at most, 0.4.
The range of possible ratios would be reduced greatly.
Because of the lack of data one cannot suggest limits to the 
value of parameters when other components are used.
But an advantage of applying these revised assumptions 
about the behaviour of replacement and depreciation is 
that the narrowness of Doraar's original presentation can be 
appraised easily. Apart from Combinations 5* 6, 11, and 
12 which are not relevant at this point, Domarfs results 
are shown in the equations and tables in those cases where 
the parameters h and j are equal to one. In the last 
section dealing with price changes, the ratios determined 
with the parameters at these values are not the maximum 
which can be derived from the equations given any one set 
of data. Acceptance of his rigid assumptions limits severely 
the possible range of ratios.
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As the evidence suggests a vide range of values to the 
ratio of annual replacement to annual depreciation, we can 
anticipate situations where the most modest price increase 
will reverse the ratio in favour of replacement; in short
annual replacement will exceed annual depreciation. It was 
thought previously that, in the United States at least, the 
long-run rate of price increases would be insufficient to 
eliminate the discrepancy between the two aggregates though 
this prospect was canvassed. Instead we now have this 
as a distinct possibility. Even more important is the 
chance that the annual depreciation sum may be insufficient 
to maintain the capital stock. In so much as the difference 
between the two series is the crux of the debate about 
gross and net capital stock estimates, the very remote 
possibility of the ratio being unity is a stimulating 
result
Chapter 8
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The Gross Capital Stockt the Replacement 
Assumptionsy and their limitations*
I
Although emphasis throughout this work has been upon 
the need for looking at gross capital stock estimates in 
preference to the more common net of depreciation measure, 
an important question still remains about the scope for, 
and usefulness of, measuring this gross aggregate. Needless 
to say part of the trouble in this respect stems from the 
other handicaps confronting the user of the information; 
these revolve around the problems of collecting data and 
and the interpretation of functions in which capital 
is included. An example of the latter difficulty may be 
cited. Given the presence of fluctuations in an economy 
there is no way of judging the relation between the existing 
capital/output ratio and that one which would apply at 
some full capacity equilibrium position. In an earlier 
chapter the capital/output ratios at full employment were 
assumed to be in equilibrium and then reasons were sought 
to explain the subsequent lapse from this position. Although 
solutions to each of these problems cannot be found by 
testing the data, an examination of the various equations 
for deriving the gross capital stock, with different
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assumptions about the timing of replacement, opens up a 
suitable avenue for appreciating the possible errors 
implicit in such estimates*
In the preceding chapter we were concerned with an 
examination of the relationship between replacement and 
depreciation following relaxations in Domar*s rigid initial 
assumptions about the behaviour of these two aggregates. 
Although the general effect was to bring out the wide 
variations in this relationship, the central proposition 
that gross rather than net capital stock estimates are a 
better measure of productive capacity was not undermined.
In this section we will discuss the implications of this 
proposition by analysing the accuracy of various types of 
gross capital stock estimates where different assumptions 
about replacement have been made. Despite the apparent 
weaknesses, future empirical work is likely to be based, as 
in the past, on the 1one-hoss shay* assumption about 
replacement if only for the reason that the building of est­
imates upon any other basis would be impossible with the 
paucity of data presently available. Furthermore we have 
no knowledge of the replacement pattern which might provide 
an alternative measure of the gross capital stock.
In this section two models, differing from the original 
gross capital stock because of changed assumptions about 
replacement, are used to show the extent of possible varia­
tions in estimates of the gross capital stock. The simple
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*one-hoss shay* assumption about investment makes
computation of the gross capital stock a straightforward
exercise. On the basis of earlier work we know that
gross investment is shown by
r*t(1) G = e , and replacement by
(2) R = er(t-m)
at time t. With m equal to the average life-span of assets, 
the computing of the gross capital stock at t is a 
calculation of the sum of gross investment between t-m and 
t. This is the familiar equation
(3) K = jGdx = jerxdx
= s£±- ar(t-m) = *rtn -
r r
This can be looked at in another way by setting out the 
relation between gross investment and replacement; the gross 
capital stock is then the result of taking the total of all 
past gross investment less replacement which in turn is the 
sum of pasjb gross investment up to t-m years ago.
K = JGdx -jRdx = Jerxdx - Jer(x-E)dx(4)
.rt
r
(-rt . -rm. V t  ar(t-m)
r r
This gives the same result as (3) above.
However, the work in the preceding chapter was concerned
with showing the special nature of the assumption that all 
replacement takes place at retirement. The two alternative
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methods of distributing replacement over the life of assets 
used in that instance are applied again to test the 
variability of gross capital stock estimates* Whereas the 
previous calculations measured annual replacement we are 
concerned here with aggregates over the lifetime of assets* 
These are applied to see by how much estimates based upon 
the rigorous *one-hoss shay* assumption may give an erron­
eous measure of the capital stock*
Each version of distributed replacement will be 
examined separately, as in the previous two chapters, and 
then the amount of replacement distributed between t-m and 
t will be summed* Later these are used to construct other 
estimates of the gross capital stock* Thus we have from 
Section II in Chapter 6,
Version A : In this case replacement is distributed evenly 
over the average life-span of the capital stock 
The amount to be replaced at t is 1/mth of 
total replacement* Thus from equation (9) in 
Chapter 6 we have
(5) Rt = _L_ p “(t-m+x)dxm
which yields
(6) Rt = ert(l - e"rm)
rm
This calculation provides an expression for annual 
replacement at t* Inorder to get an appreciation of the
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effect of the changed pattern of replacement upon the gross 
capital stock estimates, it is necessary to sum total 
annual replacement for m years - the life of the capital 
stock* Where R* is the sum of replacement for the years
between t-m and t, we
A
have
(7) R 1 = /erx( 1 - *-»>dx = (1 - e-rm) / rx / erm rm
- fi-- e"r®])ert(l - e‘rK)lL rm _][_ r
=  artn -  *-rm)2r2m
The same approach can be applied in the case of the 
other pattern of distributed replacement taken from the 
last two chapters*
Version B: This is the situation where replacement is based 
upon a linear increase from the installation 
date to the retiring date m years }ater. The 
calculation of this pattern of replacement is 
somewhat complex; the work from which the 
results in equation (15) of Chapter 6 wee 
derived can be consulted* We have from the 
equation mentioned
(8) Rt = 2^ Am-x)er(t~m+x)dy.
which, on integration, yields
Rt = - rm - 1)
rnn2
(9)
As in the previous case this expression only gives a 
result for annual replacement at t and it is necessary to 
sum this for m years before the effect of the changed 
replacement pattern upon the gross capital stock estimates 
can be gleaned* Where R** is the sum of replacement 
falling due between t-m and t, we have
(10) R "  -
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( e ™  - na - 1) dx
- rm - 1 - e~rm)
= 2(erm - rm - - e-rm)r^m2
The next task is a comparison between the various 
computations of the gross capital stock under different 
assumptions about replacement* We can start with the 
*one-hoss shay* case; in this case the gross capital stock 
estimate is from (2) above,
K = ert(l - e~rm) 
r
But the variations we have been computing in (7) and (10) 
above assume part of replacement is distributed over the 
life of assets* Therefore the sort of computations we 
have derived from patterns of distributed replacement 
(under Versions A and B) will be deductions from the 
estimate based upon the *one-hoss shay* assumption* The 
gross capital stock estimate under one or other of the
alternatives will comprise the estimate from equation (2) 
above less the sum of replacement during the lifetime of 
assets*
From (2) and (7)> the latter being the case where 
replacement(R*) is distributed evenly over the life of 
assets, we get the following estimate of the gross capital 
stock(K').
(11) K' = «rtn - a-” ) _ - «-rgh 2
r ~ r^m
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= ftrtn - a-«»)
r 1 -
(1 - e"’rm)
rm
From (2) and (10), the latter being the case where 
replacement(R*1) is distributed in a way which rises linearly 
from the installation to the retirement date, an alternative 
measure of the gross capital stockCK11) can be obtained*
(12) K*1 - *rtn  _ p-rm> 2(erm-rm-nPr(t-m>n - r " r^m2
rt/T -rm e (1 - e r^ nr
As our interest is centred upon variations between 
different methods of estimating the gross capital stock, the 
important element in equations (11) and (12) is the second 
factor because the first is based upon the original 
*one-hoss shay* assumption* Therefore the second factor,
which is always greater than zero but less than one for any
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value of rm, measures the percentage which the revised 
estimates bears to the original* As the important thing 
is the percentage divergence of these revised estimates 
from the original one, we can find this directly from the 
last term in the second factor* An example should clarify 
this point. If the value of the second factor is 0.4 then 
the last term in this factor must be 0*6* Accordingly the 
revised estimate is 40 per cent of the original 'one-hoss 
sha$* estimate of the gross capital stock and so the 
percentage divergency is 60 per cent* This is the sort of 
computation required when thinking of the size of possible 
errors in compiling estimates of the gross capital stock.
Although it can be seen that the second factor of 
each equation will be smaller the smaller is rm, the impact 
of the various computations are better appreciated when 
illustrated numerically* In Table 8.1 estimates of rm have 
been used for calculating the last term of the second factor 
in equations (11) and (12)* But the interpretation of the 
equations needs to be carried a stage further* The rm is a 
product of the rate of growth of gross investment and the 
average life-span of assets so that marked differences in 
the behaviour of economies may not lead to much variation 
in estimates of the capital stock* A rate of growth of 4 
per cent combined with an asset life of 30 years gives the 
same result as a rate of growth of 3 per cent and an asset
Table 8 .1  -  The D ivergence between e s tim a te s  o f t h e
Gross C a p ita l S tock  w ith  v a r io u s  assum ptions 
about R eplacem ent.
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rm
Margin between an e s tim a te  based upon 
‘rep lacem ent a t  re tirem en t*  and o th e r 
e s tim a te s  assuming rep lacem ent during  
the  l i f e t im e  of a s s e t s .
Version_A ^V ersion B
2e~^~u(e rrn -  rm -  1) 
rm r zmz
cil ($g)
Cl -  a"ria)
0 .5 78.7 72 .2
0 .6 75 .2 67.7
0 .7 71.9 64 .5
0 .3 68.8 59.7
0 .9 65.9 56.2
1 .0 63.2 52.8
1 .1 60 .6 4 9 .7
1 .2 57.6 4 6 .9
1 .3 56.0 44 .2
1 .4 53.8 4 1 .6
1 .5 5 1 .8 39 .3
1 .6 4 9 .9 37.1
1 .7 4 8 .1 35.1
1 .8 4 6 .4 33 .2
1 .9 4 4 .8 31 .4
2 .0 43 .2 29.7
2 .5 36 .9 23 .3
3 .0 31 .7 17.3
3 .5 27.7 14 .6
4 .0 24 .5 11 .4
N ote: The p ercen tag e  m argins in  the  ta b le  show th e  d if fe re n c e  
between an e s tim a te  of th e  g ross c a p i ta l  s to c k  based 
on the *one-hoss shay* assum ption and th o se  where 
rep lacem ent i s  d i s t r ib u t e d  over the  l i f e t im e  of the  
a s s e t s .  The form ula from which th ese  p e rcen tag es  are  
c a lc u la te d  i s  the  l a s t  term  in  th e  second f a c to r  o f 
equa tions (11) and (12) .  An example from the f i r s t  
column i l l u s t r a t e s  th e  method of c a lc u la t io n ;  w ith  an 
rm of 1 .0  th e  l a s t  term  of the  second f a c to r  i s  O.632 
g iv ing  O.368 f o r  the whole of th e  second f a c t o r .  Thus 
an a l t e r n a t iv e  measure of the  g ross c a p i ta l  s to ck  is  
36.8  p er c en t o f an e s tim a te  based upon th e  *one-hoss 
shay* assum ption . The m argin between the  s e r i e s ,  
comparing th e  l a t t e r  w ith  th e  fo rm er, i s  63*2 p er c e n t .
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One can see the large variations between the series 
even with estimates of the rm which seem improbably large 
by the standards of the United States material we have been 
using in earlier chapters# Perhaps the results are not so 
absurd in the case of the Soviet union as an rm of 4#0 
may involve a real rate of growth of 10 per cent and an 
asset life of about 40 years# The range in which the rm 
may be relevant for the more developed capitalistic economies 
would seem to be about 0.9 to 1.5$ this envisages a real 
rate of groxrth of between 2 and 3*5 per cent and an average 
life-span between 3° and 45 years# In this range one can 
readily see that the divergence between the various series 
can be quite large# Until more is known about the timing 
of replacement than at present, the use of gross capital 
stock estimates is impaired.
Nevertheless a case can be made against this sort of 
comparison on the grounds that the divergence is not likely 
to be as large as this because the problem could be 
exaggerated by the marked difference in the assumptions about 
replacement contained in the three methods of estimating 
the capital stock# The main reason which could be advanced 
in support ofthis criticism is the high proportion of the 
total capital stock - some 40 per cent - in housing. It is 
difficult to appreciate a claim that the capacity of houses 
declines significantly over the greater part of their life.
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In terms of the numbers occupying a house there is no
evidence to suggest that utilisation declines with age; in
fact urban housing trends might suggest the reverse as
private houses ate turned over to apartments or boarding
accommodation!^ This trend might be offset by changing
family composition if, as present trends show, young families
occupy the newer houses* However, should only 2? per cent
of the total stock be replaced during the lifetime of
assets and given an rm of about 1.2, the likely error when
measurement is based solely upon the 'one-hoss shay*
assumption will be between 11 and 14 per cent*
There is one qualification applying to work in this
section and the one following* The whole question of
distinguishing between gross and net( of depreciation)
estimates of the capital stock would be meaningless if they
were always fixed proportionally one to the other. The
problem of error when comparing gross and net magnitudes
would be of no account as either measure would give
equally valid answers when used in calculations* Clearly
the absolute amounts would differ but relative changes would
have the same impact. We could say, for example, that the
fl^ L.Grebler.D.M.Blankr and Louis Winnick - Capital Formation 
in Residential Real Estate; National Bureau of Economic 
Research, Princeton 195o; Appendix A, Table Al, p 329/ In 
the decade 1930-1939 the number of dwelling units added to 
the housing stock by conversions was about 40A  per cent 
of dwelling units started. In the decade 1940-1949 the 
percentage was 35*1*
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gross will always be twice the net measure of the capital 
stock so that even though the absolute amounts of either 
series will differ, there is no reason to choose one series 
in preference to the other* The one situation where these 
magnitudes will be proportional is that used in the analysis 
of this work - whererwe assume a constant rate of growth*
If the rate of growth fluctuates then the condition of 
proportionalitybetween the gross and net aggregates breaks 
down and they no longer move with a regular relationship*
We know from earlier work that this and the other coefficients 
relating to the life-span of assets and the pattern of 
replacement are not constant and, in view of these findings, 
the argument supporting the use of the gross capital stock 
estimates in preference to the net can be sustained*
II
Analysis in the preceding section has gone some distance 
in suggesting handicaps to working with estimates of the 
gross capital stock because of the necessarily rigid 
assumptions about the behaviour of replacement* Nevertheless 
the comparative advantages of basing analysis upon the 
gross measure still predominate* Therefore the application 
of this method into the fields of investment, capital and 
production offers some prospect for reappraising existing 
theoretical models* In the particular case of growth theory 
this review is relevant to at least two familiar concepts -
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the  a c c e le ra t io n  p r in c ip le  and the  p ro d u c tio n  fu n c tio n *  In 
th is  s e c t io n  we a re  concerned m ainly w ith  d isc u ss in g  the 
a c c e le r a t io n  p r in c ip le  in  the  l i g h t  of p rev ious f in d in g s  
about the  c a p i ta l  s to ck  though the  im p lic a tio n s  have a 
g r e a te r  g e n e ra l i ty  than  the p a r t i c u la r  case o f th i s  one 
concept*
A m biguities a r i s in g  w ith  the  use o f the  a c c e le ra t io n  
p r in c ip le  can be a p p re c ia te d  r e a d i ly  w ithout a rig o u ro u s 
e x p o s itio n  o f th e  concept* In e f f e c t  th e re  a re  two main 
v a r ia n ts  of the  d ev ice ; annual induced investm ent i s  a 
fu n c tio n  of e i th e r  the  change in  t o t a l  income from one 
p e rio d  to  an o th er or the change in  consumption expend itu res*  
Thus where Y i s  income, C i s  consum ption, I  i s  annual 
induced in v estm en t, K i s  c a p i t a l ,  a and b are  p a ram ete rs , 
and t  denotes tim e, we have
I t  = (K t-K t.! )  = a t t f . l t . ! >  = b(Ct -Ct _1 )
U nless a l l  th e se  ag g reg a tes  a re  assumed to  be n e t  of 
d e p re c ia t io n , immediate d i f f i c u l t i e s  a r is e  and th e  whole 
purpose of t h i s  work has been to  show the  inadequacy of th e  
n e t  assum ption* I f  we tak e  a l l  th ese  ag g reg a tes  in  g ross 
term s the e q u a l i t i e s  b reak  down* I f  K re p re s e n ts  th e  g ross 
c a p i ta l  s to ck  th en  the  I  cannot be g ross in v estm en t; i t  i s  
g ro ss  investm ent a t  t  le s s  the  rep lacem ent f a l l i n g  due a t  
t h a t  time* U nless the  annual d e p re c ia t io n  charge be equal 
to  the  annual rep lacem ent f a l l i n g  due, th i s  r e s id u a l  w i l l
be something different from net (of depreciation) invest­
ment .
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Although there has been recognition of the difference 
between new induced investment and replacement investment 
in the past there does not seem to have been much awareness 
of the implications for the various models of fluctuations 
and growth. The assumptions, often explicit, in much of 
the literature leave no doubt about the importance of the 
net (of depreciation) aggregate in the minds of most theo­
rists. Clark was one of the first to distinguish between 
new investment being determined by the rate of change in
the sales of the finished product and replacement by the(2)
level of demand for these products. In more recent 
writings the assumptionsis more explicit. Hansen speaks of 
*net induced investment* being a function of the rate of
(3)
change of consumption. Similarly, Harrod deals in terms
which might be explained as either gross or net investment
and so he either identifies replacement with depreciation
(4)
or ignores it altogether. In similar fashion many recent 
writers take the same stand: Lundberg identifies new in-
(2) J.M. Clark - ’’Business Acceleration and the Law of Demand: 
A Technical Factor in Economic Cycles**, Journal of Political 
Economy. March 1917; reprinted in Headings in Business Cycle 
Theory: American Economic Association, Blakiston, Phila­
delphia, 1944; pp.235-260.
(3) A.H. Hansen - Fiscal Policy and Business Cycles: Norton, 
New York 1941; pp.274ff.
(4) R.F. Harrod - "An Essay in Dynamic Theory**, Economic 
Journal. March 1939; pp.14-33 •
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vestment with new savings and the latter excludes any de­
preciation sum; Fellner makes his position explicit by 
emphasising the relation between an increment of net in­
vestment and a change in the capital stock; and other, 
such as Wilson and Goodwin, make the same sort of point in
(5)their models# Samuelson overcomes the problem by identi­
fying replacement with depreciation which, though conven-(6)
ient, assumes away the difficulty altogether.
The curious feature of the distinction made between 
net investment and replacement is that it becomes very 
close to an appreciation of the difference between the 
concepts of replacement and depreciation. Thus Hansen 
finds no trouble in equating net induced investment plus 
an autonomous component with the increase in the capital 
stock. At the same time he thinks of replacement invest­
ment as something additional while hinting that equality 
of annual replacement and annual depreciation may be non­
existent; accordingly we have "during depression depreciat-
M  E. Lundberg - Studies in the Theory of Economic Expans­
ion: Kelley & Millman, New York 1954 (reprint); ppV183-lob: 
W. Fellner - "Capital-Output Ratios in Dynamic Economics", 
Money. Trade, and Economic Growth; Macmillan, New York 195*+; 
u p.105-11*+: T# Wilson - Fluctuations in Income and Employ­
ment; Pitman, London 1949 (reprint 3rd edition); ChapterV: 
R#M# Goodwin - "Secular and Cyclical Aspects of the Multi­
plier and the Accelerator", Income. Employment and Public 
Policy; Norton, New York 1948; pp#108-1325 and "The Non- 
Linear Accelerator and the Persistence of Business Cycles", 
Econometrica, 1951«
(6) P#A. Samuelson - "A Synthesis of the Principle of 
Acceleration and the Multiplier", Journal of Political 
Economy. 1939; pp#786-797 and "Interactions between the 
Multiplier Analysis and the Principle of Acceleration". 
Review of Economic StatisticsT 1939; PP•75-78; this article 
is reproduced in Readings in Business Cycle Theory; pp#261-9
ion allowances are not fully expended, and recovery tends
(7)
to restore replacement to a normal level"• In almost all 
the examples quoted one finds a realisation of the differ­
ence between new investment and replacement without any 
further development of the argument which would suggest 
discrepancies between annual replacement spending and the 
annual depreciation charge. Whatever one holds to be the 
determinant of replacement spending - this extends from 
the Clark-Frisch assumptions concentrating upon the current 
level of output to the numerous variations about the age 
of assets - the discrepancy between replacement and depre­
ciation should be ajj^arent from the nature of the definit­
ions commonly used. On the one hand we have depreciation 
determined by all past gross investments not yet written 
off. On the other hand replacement expenditures are de­
termined either by the current level of output or the age 
of assets. Given fluctuations in the rate of growth of 
output and investment, there is no reason to suppose that, 
in either of the cases of the assumed behaviour of replace-
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(7) A.H. Hansen - op.cit.. p.275.
(8) For example, we have, in addition to the work of J.M. 
Clark which has already been quoted, R. Frisch - "The 
Inter-relation between capital production and consumer­
taking", Journal of Political Economy. 1931; G. Haberler - 
Prosperity and Depression; United Nations, New York 19*+6 
(3rd Edition enlarged); pp.91-92; S.S. Kuznets - "Relation 
between Capital Goods and Finished Products in the Business 
Cycle", Economic Essays in honor of Weslev Clair Mitchell $ 
Columbia, New York 1935; PP.238ff; and J.R. Hicks - A Con­
tribution to the Theory of the Trade Cycle; Oxford, 1951; 
pp.40ff.
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ment, annual spending would be equal to depreciation 
charges at any one time.
Most analyses make the distinction between new 
investment producing an output over and above that already 
achieved and replacement investment going to maintain 
existing productive capacity. This differentiation would 
seem to meet the criticism that the relation between 
depreciation and replacement is misunderstood were it not 
for the fact that many of these writers, such as Lundberg, 
Fellner and Hansen, equate net investment with new savings 
from which depreciation is excluded. In short ’net* 
investment seems to have different meanings depending 
upon the circumstances of the discussion. But for models 
of fluctuation and growth the investment aggregate is 
invariably measured as net of depreciation.
One source of confusion lies in the failure to make 
clear this sort of distinction between new and replacement 
investment when shifting from theoretical models to the 
testing of relationships. In the end it comes down to 
putting net investment as gross investment less capital 
consumption allowances. The evidence showing the use of 
this net (of depreciation) aggregate is irreconcilable with 
the discrepancy shown in the theoretical analysis. In all 
cases where the treatment relates annual investment to 
some aggregate we find that either gross or net investment
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has been used as the measure of the change in capacity;
this applies equally to the production function as to the
(9)acceleration principle* Although the results of most of 
these calculations have been unsatisfactory and other 
reasons have been advanced for these errors the work of 
this chapter does point to another cause of the many mis­
givings which have been expressed about those functions(10)
incorporating a relation between capital and output*
(9) In as much as this applies to most of the empirical 
work related to the acceleration principle, a list of past 
contributions is hardly called for* However, some are worth 
mentioning: J*Tinbergen - '‘Statistical Evidence on the 
Acceleration Principle”, Economica. May 1938; pp 164-176;
R.M*Goodwin - "Secular and Cyclical Aspects of the Multiplier 
and the Accelerator". Income. Employment and Public Policy; 
Norton, New York 1948; pp 108-132« H.B.Chenery - "Overcapacity 
and the Acceleration Principle", Econometrica. 1952: pp 1-28; 
G*H*Fisher - "A Simple Econometric Model for the United 
States, 1947-1950rtj Review of Economics and StatisticsT 1952; pp 46-48*
An article giving a useful insight into the methods of 
deriving Cobb-Douglas production functions is given in M. 
Bronfenbrenner and P.H.Douglas - "Cross-section Studies in 
the Cobb-Douglas Function", Journal of Political Economyy 
1939; PP 761-783.(10) In the case of the acceleration principle the main 
complaints are:
1* The assumptions underlying the concept have severe 
limits -
(a) No large declines in output.
(b) Methods of production change only slowly*
(c) Excess capacity is zero or a constant percentage; 
thus there is a perfect technical adjustment of 
new investment to the additional output.
(d) Expectations about the future,i.e. the permanence 
of any increase in demand, must be the same for 
all occasions.
2. When measuring the parameter, unless the work is 
limited to periods of full capacity, we can get an 
average value which has no relevance to any period 
of the cycle.
The analysis of the relation between replacement and 
depreciation suggests that we do not know whst we are seeking
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Another view has been expressed  by Knox. His co n c lu sio n  
i s  th e  more in te r e s t in g  because he comes to  the p o in t by 
say ing  th a t  we should  use g ross r a th e r  thannnet annual 
investm ent when m easuring the  a c c e le ra t io n  p r in c ip le  
The main p o in t in  h is  argument being th a t  th e re  i s  no way 
of d is t in g u is h in g  between th a t  p a r t  of investm ent which i s  
new and th a t  which i s  rep lacem ent of e x is t in g  a s s e t s .  He 
c i t e s  the  case of firm s which, when i n s t a l l i n g  a p iece  of 
equipm ent to  re p la c e  an o ld e r  item , o f te n  pu t in  a p la n t 
which i s  la rg e r  and has a g re a te r  o u tp u t. But i f  the 
e m p ir ic a l evidence i s  dogged by th i s  u n c e r ta in ty  th e re  i s  
no reaso n  why the  th e o r e t i c a l  a n a ly s is  should  s u f f e r  the 
consequences•
I I I
Throughout th i s  work th e re  has been a fre q u e n t use of
(1 0 ) -c o n tin u e d -
to  measure anyway. This has an in te r e s t in g  f a c e t  f o r  the  
th eo ry  of f lu c tu a t io n s  where, w ith  n e t  a g g re g a te s , i t  has 
been assumed th a t  the  amount of d e p re c ia tio n  f a l l i n g  due 
in d ic a te d  the  maximum annual d e c lin e  in  p ro d u c tiv e  c a p a c ity . 
Y et, when looked a t  in  ag g reg a tiv e  term s a lo n e , i t  can be 
seen  th a t  the p ro p o rtio n  of th e  t o t a l  s to ck  f a l l i n g  due fo r  
rep lacem ent a t  any one tim e w i l l  depend p a r t ly  upon p a s t 
f lu c tu a t io n s  in  g ross in v es tm en t. One dev ice  developed in  
re c e n t y ea rs  to  overcome some d e f ic ie n c ie s  in  th e  a c c e le ra ­
t io n  p r in c ip le  i s  th e  C a p a c ity  p r i n c i p l e ':  see H.B.Qhenery -  
o n . c i t . y pp 11-21 . In th i s  case investm ent i s  n o t r e la te d  
d i r e c t ly  to  the change in  o u tp u t bu t the  d if fe re n c e  between 
the  'normal* c a p i ta l /o u tp u t  r a t i o  and th a t  e x is t in g  a t  the 
tim e and th e re  i s  an in te r v a l  reco g n ised  between the  change 
in  demand and th e  r i s e  i t  evokes. The problem of the 
p e r f e c t  te c h n ic a l  ad justm ent i s  surmounted bu t the  o th e rs  
rem ain .
(11) A.D.Knox -  "The A c c e le ra tio n  P r in c ip le  and the  Theory
o f  Investm ent* A Survey", Economica. August 1952; pp 269-297*
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the relation between capital and output. At an early stage 
replacement was defined in a way appropriate to this 
relationship. It is the replacement of the output of one 
capital good with a similar output from another piece of 
capital equipment. In effect this definition stresses the 
significance of the link between capital and output rather 
than changes in the physical nature or capital values of 
assets. What we have to do in this section is, first, to 
examine what we mean when discussing output and, secondly, 
to see the impact of this definition of replacement for 
the economy as a whole and the individual firm.
Let us look into the question of what we mean by output. 
There are two measures relevant to the discussion - the 
gross and net magnitudes. On the one hand we have the gross 
magnitude comprising very broadly three main groups; first, 
the inputs in the form of materials, secondly the inputs of 
labour, and finally the surplus accruing to the business.
On the other hand the net output comprises only the latter 
two items in the gross calculation. Aggregative analysis 
lends support to the use of the net concept because there 
is no element of double-counting in this approach and, 
accordingly, is related to factor payments. The gross 
measure may be as frequently used in micro-analysis as the 
net one though it will not be comparable with the national 
income aggregates depicting output. There are important
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distinctions to be drawn between the two measures when
considering the individual firm*
In the models we have been describing, where replacement
is distributed partly over the life of an asset, there
is a decline in productive efficiency owing to the limited
the
durability of the asset which leads to/falling away in
the final output of plant. This assumes a given capital
(12)equipment and price of the final product. In our models 
the process of replacement is the continuous making up 
for the deficiency in output by increasing capital 
equipment to a point where total output is maintained at 
the previous level.
Nevertheless it does not seem possible to impute the
same behaviour to the single firm. The pattern set out
in preceding paragraphs does not seem to be the only
approach to the problem. Once again assume that the price
of the product and the capital equipment are given. In
the case of an individual plant additional inputs of
either materials or labour may be used to offset the
deterioration in the capital equipment and maintain a
given output. Consequently there will be a variety of
effects upon the distribution of the product between the
three main groups mentioned previously according as the
(l2) Theremay be other causes influencing the retirement 
of an asset. But in the main there are two; the wearing 
out of the asset and changes in the demand and supply 
conditions for the product.
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additional inputs come from the materials or labour group* 
Given the price of the final product, the surplus is a 
residual affected by the materials and labour factor 
p a y m e n t s i f  the additional inputs come in the form of 
materials there will be a shift in the distribution from 
the surplus to the materials group# In this situation no 
change in the gross product will be recorded but the net 
product will fall by an amount equal to the reduction in 
the surplus# Should the additional inputs come in the 
form of labour, there will be no change in the gross or 
net products#
We have then two possible patterns of behaviour for a
firm to offset the declining productivity of a capital
asset. The first pattern adopted in the aggregative models
suggests a flow of replacement whereas the other suggests
the bolstering of capital equipment with a declining
efficiency by using more and more inputs to get the same
output. This process would cease when the surplus had
fallen off to such an extent that it became profitable to
retire the old asset and install a replacement# This
pattern of behaviour seems the main possibility for the
(13) This discussion is only an' approximation. Thus there 
is no reason to believe that a return to the original level 
of output will be desirable: the fact that additional inputs 
have !to be used should shif t the cost curves so as to 
upset the former equilibrium(marginal cost-marginal revenue) 
position#
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majority of firms unless one is sufficiently large to have 
a continuing stream of investment akin to the economy as 
a whole* In the majority of cases, however, investment will 
be undertaken at intervals so that there will not be an 
approximation to the continuous flow of the aggregate 
model.
The argument can be expressed in another way by 
looking at the criteria for investment and replacement; 
at the same time the limitations to an isolated treatment 
of replacement may be brought out more clearly. The 
replacement criterion for a simple renewal of an asset 
is
(13) R2 - 02e-rtdt *2
where m is the expected life-span of the new asset, R is
the revenue, 0 is the operating costs, r is the rate of
interest, and I2 the installation and building costs of 
(14)the new asset. This formula says that it will pay to 
replace asset 1 with asset 2 when the difference between 
the revenue and operating costs of the former over the
(14) In the case of the formula for replacing assets there 
are numerous sources; for example, Friedrich and Vera Lutz - 
The Theory of Investment of the Firm; Princeton University 
Pre s s , Prince ton L951; pp 108-109 and G.A.D.Preinreich - 
“The Economic Life of Industrial Equipment”, Econometrics. 
1940; pp 12-44. There are many ways of presenting the 
same basic formula but that shown in (13) above seems to be 
the most general. In the first place a formula based upon 
quasi-rents cannot be applied to cases where a machine is 
part of a large process. Secondly, one based upon a straight 
comparison of operating costs assumes implicitly that total 
revenue is the same for both assets. Thirdly, there is no 
restriction to output per head.
expected life of the new asset is sufficiently below the 
difference between the revenue and operating co&ts of the 
new machine to meet the installation and building costs of 
the new assetl1^
But this criterion says nothing about the output of
either plant unless we assume perfect competition# If the
formula is expressed on the basis of each unit of output
this omission becomes more obvious# Therefore it may be
possible to meet the requirements of a replacement
criterion as set out above but with the new plant having
a much different output from that being replaced# The
life-span and profitability of an asset seem to be only
one facet of the replacement problem# Once the possibility
of a decline in the output of an asset during its life is
considered, i#e. the 'one-hoss shay1 assumption is dripped,
then it seems that an analysis of conditions for retiring
(l6)one asset and substituting another is not sufficient.
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(15) The question of the * infinite chain* of replacement 
has been disregarded but it does not affect the argument in 
this section: see Freidreich and Vera Lutz - op.cit#, Dp 
106-109#(16) A comprehensive treatment of this aspect of replacement 
is given by G.A#D#Preinreich - "Annual Survey of Economic 
Theory: the Theory of Depreciation", Econometrica. 1938; pp 
219-241. Preinreich examines the effects of allowing for 
various rates at which the assets will drop out of service# 
(He bases his work on a review of engineering studies of the 
mortality of equipment carried out by E.B.Kurtz - Life 
Expectancy of Physical Property-^- Ronald Press, New York 
193°; this book is not available in Australia.) But the 
work is based upon the actual retirement of assets rather 
than the gradual decline in output of an asset#
U nless th e re  i s  some 1 c a p i ta l /o u tp u t  * c r i t e r i o n  the  f u tu re  
course of p r ic e s  f o r  the  p ro d u ct of th e  p la n t  i s  u n c e r ta in  
excep t under c o n d itio n s  of im p erfec t c o m p e titio n . I t  may­
be p o s s ib le  to  meet the requ irem ents of the rep lacem en t 
c r i t e r i o n  in  eq u a tio n  C13) above w ith  a much d i f f e r e n t  
o u tp u t than  th a t  of the  a s s e t  being re p la c e d . I t  th en  
becomes d i f f i c u l t  to  d is t in g u is h  between rep lacem en t and 
new c a p a c ity .
One i s  o b lig ed  th e re fo re  to  f a l l  back upon the  
c r i t e r i o n  fo r. making a new in v es tm en t. The e s tim a te d  
c a p i ta l  va lue  of a proposed a s s e t  i s  the d isco u n ted  t o t a l  
d if fe re n c e  between revenue and o p e ra tin g  c o s ts  over th e  
l i f e  of the a s s e t ;  i f  the  investm ent i s  to  be u n d ertak en  
th en  th i s  v a lu a tio n  should  equal the  c o s ts  of i n s t a l l i n g  
and b u ild in g  th e  a s s e t .
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The symbols a re  the  same as those  used in  th e  p reced in g  
e q u a tio n . I f  eq u a tio n s (13) and (14) a re  com pared, the 
r e l a t io n  between th e  two i s  obv ious. Presum ably when 
co n s id e rin g  an investm ent p r o je c t ,  w hether new c a p a c ity  or 
rep lacem en t, one compares i t  w ith  the  r e tu rn s  a v a i la b le  in  
an o th er avenue o f in v estm en t. T h ere fo re , i f  th e  b u ild in g  
and i n s t a l l a t i o n  c o s ts  of th e  a s s e t  a re  the  same in  
a l t e r n a t iv e  u s e s , the rep lacem en t c r i t e r i o n  shown in  eq u a tio n
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(13) is relevant only when the second term, R^-O^e” dt, 
is zero# and then it becomes the same thing as equation
(14) .
While we may deal with the conditions which lead to 
the retirement of an asset and the substitution of another, 
the conditions for replacement of assets in a model 
dealing with capital/output relationships is more complex.
A Note on the Replacement Cost Valuation of Assets.
In the Introduction, Tibor Barna*s proposal to measure 
the capital stock on a replacement cost basis was mentioned. 
His main argument against the perpetual inventory* method 
used in this study is that it is an indirect means of valuing 
the capital stock requiring both estimates of price changes
(17)and the average life-span of assets. (J He proposes that 
fixed assets be measured directly by their replacement 
cost.
Barna admits difficulties in the interpretation of the
meaning of replacement cost owing largely to the complexities
of a modern industrial structure where many plants of
differing ages a-re closely connected. The concept of
replacement is to be understood as replacement by a
substitute rather than in the literal sense. It amounts to
(17) Tibor Barna - “The Replacement Cost of Fixed Assets in 
British Manifacturing Industry in 195?% Journal of the 
Roval Statistical Society, 1957; Series A, General; pp 1-46.
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finding a collection of assets which can be regarded as 
the equivalent of the existing assets in an economic rather 
than an engineering sense. The source of the information 
on these valuations is fire insurance records where the 
policy equivalent to replacement cost new is that based, 
upon the reinstatement of plant.
Although reservations may be expressed about this 
approach to the measurement of the capital stock, the 
comments in this note are limited to questions of output 
and replacement. In the first place, if replacement is 
in terms of market value some peculiarities may be recognised 
for both profits and output. If profits are the main 
criterion in determining the replacement value of an asset, 
either a smaller plant would be used to replace the older 
one or the rate of profit on a new plant producing the 
same output would be less than that achieved with the 
original plant when new. If replacement cost new is correct 
and no account is taken of profitability then the best action 
available to an entrepreneur would be to claim on the fire 
insurance as soon as the initial year had passed. The 
concept replacement cost new has to be suitably qualified 
if any sense is to be made of fire insurance policies when 
valued for reinstatement. Barna would stress probably the 
adjustment of profits between the old and new assets rather 
than the comparative outputs of the two plants. Having 
made the distinction between replacement in an economic
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rather than an engineering sense, he suggests that
replacement cost new,i.e. our gross investment, is less
an economic and more an engineering concept
Secondly, if replacement cost new is supposed to
measure the capital stock in terras of the latest substitute
for each item, the final estimates embody the ass umption
that each item is of equal efficiency. This is the only
meaning which can be attached to the estimates. Yet data
for output and employment which may be used to derive
capital/output ratios reflect a capital structure of varying
efficiency. In the circumstances nothing very meaningful
can be gleaned when his estimates are applied in conjunction
(19)with other information.
(1&) Tibor Barna - op.cit.y paragraphs 2.10 and 2.A» 
(19) Tibor Barna - op.cit.T section 5; PP 23-30.
Chapter 9
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Technical Progress and Models of Replacement 
and Depreciation
I
At the end of Chapter b one conclusion dealt with the
effect of a long average life-span of the gross capital
stock upon the expansion of productive capacity and
therefore production* Subsequent work on the ratios of
annual replacement to annual depreciation did not alter
significantly this f i n d i n g A  shorter average life-span
will reduce the difference between the estimates of annual
replacement and annual depreciation so that, other things
being equal, the expansion of productive capacity will be
smaller than in the case of a longer average life-span*
The essence of the models incorporating the distinction
between replacement and depreciation is that the longer
the average life-span, the bigger the difference between the
two aggregates. In this situation the larger the margin
between them the greater the proportion of total annual
depreciation invested in the expansion of *newf capacity;
the rise in total output will be accelerated* With a
smaller proportion of annual depreciation absorbed each
(l) See Chapter 7, section II for the variations to this 
general conclusion* The reason for the discrepancies lies 
in the adjustment for price changes w&ich is introduced 
in that section*
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year in expenditure on the replacement of worn-out assets 
as the average life-span lengthens, the conclusion follows 
from the nature of the model. Similarly, with a given 
gross investment, a higher proportion will be spent upon 
'new* capacity the longer is the average life-span.
The conclusion is provocative since it seems to 
suggest a conflict with some popular notions about the 
relationship between the average life-span and the output 
of the capital stock. It would seem that, if the aim is a 
rapid expansion of output, then the best means of achieving 
this would be an increase in the investment going to the 
shorter-lived assets. Yet our models suggest that the 
opposite effect holds true. In the event the advantages 
ofthe longer-lived asset may be counter-balanced by the 
longer period over which the returns are obtained.
At the same time the absorption of the latest techniques 
of production would seem to be accelerated if the capital 
stock is short-lived. Output would expand faster, the 
quicker the most recent advances in technical knowledge 
were applied. However, consideration of this feature 
shows up the rigidities in the type of model used in the 
main body of the work where it is assumed that gross 
investment increases continuously by some given percentage 
and the relationship between capital and output is both 
linear and fixed. Capital is also the only factor having
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an influence on the growth of output. Inevitably, with a 
fixed proportion of output being invested, the only means 
of accelerating the growth of output is to lengthen the 
average life-span of assets or increase the rate of growth 
of gross investment. Technical progress cannot have any 
effect on such a model so long as capital is the sole 
factor of production and the capital coefficient is fixed.
So long as the components are linked in this way 
there is nothing to be said about the effects of technical 
progress upon output. Nor does it help to think in terms 
of output per head since population is not an explicit 
factor of production. By the same token discussion of the 
impact of capital saving and labour saving devices is 
beside the point where capital is the only factor of prod­
uction. In the end all one can say is that output will 
grow the higher the rate of growth of gross investment and 
the longer the average life-span of assets.
If anything is to said on the connection between the 
average life-span and the utilisation of new productive 
techniques, the assumptions about a steady rate of growth 
and a fixed capital coefficient have to be discarded. It 
would seem true that advances in technical knowledge could 
be applied more rapidly the shorter the average life-span 
or the turnover period. In an economy in which there are 
fluctuations in gross investment these two measures of the
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age of the capital stock need not necessarily move together 
since the average life-span depends upon the total life 
of each asset while the turnover period depends upon the 
remaining years of life still remaining for each asset. 
Indeed technical progress could only be maximised in that 
state of bliss where the capital stock was being replaced 
each year; all advances could be applied immediately they 
were known.
The average turnover period of the stock will give 
some idea of the speed with which these newer techniques 
are being absorbed. If the turnover period id high, i.e. 
most assets have been installed only recently, one can 
say that existing techniques are fairly modern. If the 
turnover period is low then it is likely that the adoption 
of the latest available techniques will be widespread. 
Furthermore the advantages of the newer techniques may be 
sufficient to accelerate the abandonment of ageing assets. 
But this approach may only be a poor approximation to the 
real position as a major factor will be the rate at which 
new techniques are being developed while a decline in 
the average turnover period may be an indication of a 
falling off in the spending on existing gross investment 
owing to fluctuations within the economy. The same 
criticisms can be made against the average life-span.
For these reasons the age of the capital stock may
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be of secondary importance in discussions of the effects 
and absorption of technical knowledge. In an economy in 
which new methods of production are being invented, the 
gross investment aggregate is the means by which the 
additional technical knowledge is incorporated in the 
capital stock. Therefore the amount of annual gross 
investment is an important factor in determining the 
speed with which the new techniques are brought into use*
In a wider context it is true that the younger and more 
modern the capital stock the greater will be the output 
of the economy and the higher the rate of growth of gross 
investment.
The average life-span of the capital stock will 
assume a different importance if the capital coefficient 
rises as the average lengthens. In this case the 
advantages of a lower ratio of annual replacement to 
depreciation will be offset by the greater amount of 
capital required for a given output. In this situation 
the balance of advantage will rest with a shorter asset
life permitting the more rapid application of technical
. , . (2)knowledge•
(2) In his original paper ‘'Depreciation, Replacement and 
Growth*1, Domar recognises some of the difficulties of 
a model in which it pays to pile one asset on top of 
another and the longer the life-span the better. He looked 
into the linking of the capital coefficient to the life­
span of assets in such a way that a longer life-span was 
achieved at the cost of a higher capital/ouibput ratio.
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This brings us to the second aspect of the impact of 
technical progress upon these models. It is hard to say 
anything about the effects of technical progress when the 
models do not contain other factors with which capital 
must co-operate in the productive process; this criticism 
applies in addition to those we have noted already about 
fixed, linear relationships. This deficiency can be 
remedied partially by the use of a more complex production 
function.
In section IV of the Introduction the simple model 
of the Harrod-Domar type was set out on the basis of the 
two usual assumptions; a constant proportion of income is 
saved and the capital/output ratio is constant. In place 
of the relation showing output as a function of capital 
we can substitute a Cobb-Douglas type function invhich 
output is a function of capital (K), labour (N), and 
technical progress. We have then
(1) S = sY
(2) S = I
and therefore
1 dK
(3) Y = s dt
On the assumption that income is equal to output, at least
at full employment levels of income, we can put the 
production
(If) P = ANnKkeat
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where a is a parameter representing technical progeess* 
Furthermore we can assume that population is growing at 
some rate x so that 
(?) N = N0ext
By inserting this assumption into the production function 
and then integrating we get an expression for the final 
relation between capital and income*
(6) _JL = s(1 - k)
Y nx + a
In this solution the capital/output ratio will grow at 
a constant rate which depends upon the rate of growth of 
the labour force and technical progress as well as the 
marginal propensity to save*
II
While the complexity of the relations surrounding 
the analysis of technical progress hinders the drawing of 
clear conclusions, some aspects can be usefully investigated. 
The main part of the work has been connected with the 
use of gross capital stock estimates and the ratios of 
annual replacement to annual depreciation and it is proposed 
to examine the effects of technical progress upon the 
conclusions found in earlier chapters*
In Chapter 1 it was pointed out that only in the case 
of design improvements in a piece of capital equipment
permitting a greater output while the real cost in terms
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of labour remained the same, would the method used for 
measuring the capital stock fail to bring out the rise in 
productivity. The cirrent value of capital goods 
produced in the past is measured in terms of what it would 
cost to produce the same type of good at the present time. 
Therefore in an economy in which technological advance 
is taking place this value will be higher than the value 
of the most efficient capital good currently available 
which could make an equivalent contribution to the 
output of the economy.
In subsequent analysis the object is an examination 
of the effects of allowing for this type of technical 
progress in our calculations of the capital stocg:, 
replacement and the ratio of annual replacement to annual 
depreciation. At the outset we will turn to a discussion 
of the capital stock.
From Chapter 1 the gross capital stock based upon 
the *one-hoss shay* assumption and a steady rate of 
growth is given by
as design improvements are not incorporated in the capital
r
T>twhere annual gross investment (G) is equal to e1 • However
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s to c k , th e  ap p a ren t c a p i ta l  s to c k  (K) a t  any tim e w i l l  be 
h ig h e r  than  the  r e a l  c a p i ta l  s to c k  (K) fo r  any g iven  le v e l  
o f o u tp u t.  The d if fe re n c e  between th e  two measuees i s  
b e s t  seen  in  a sim ple p ro d u c tio n  fu n c tio n  where ou tp u t i s  
a fu n c tio n  o f c a p i t a l  and la b o u r; P = f(K ,N ). With th e  
m easure of th e  c a p i ta l  s to c k  used th roughout th i s  work, 
we can th in k  of a l l  u n its  in  th a t  s to c k  being measured in  
term s o f lab o u r c o s t of producing  them . This i s  the 
ap p a ren t c a p i ta l  s to c k . But because th e re  a re  some desig n  
improvements which give a g r e a te r  o u tp u t from an a s s e t  
w ith o u t having any e f f e c t  on th e  c o s t o f producing  them, 
th e  ap p aren t c a p i t a l  s to ck  w i l l  n o t tak e  in to  account th i s  
improvement in  p r o d u c t iv i ty .  The c a p i ta l  s to c k  c o rre c te d  
fo r  th i s  d e f ic ie n c y  i s  what we mean by the r e a l  c a p i ta l  
s to c k ; and i t  w i l l  be lower than  the  o r ig in a l  e s t im a te .  
Thus we have
(8 ) Kt  = Kt  - b
where Ö re p re s e n ts  the  e r r o r  te rm .
We w i l l  assume th a t  design  improvements a re  tak in g  
p lace  a t  a c o n s ta n t r a te  A so th a t  the  rep lacem ent 
e q u iv a le n t of an a s s e t  in s t a l l e d  m y ea rs  p re v io u s ly  w i l l  
be d isco u n ted  by th i s  amount. However i t  i s  p o s s ib le  to  
look  a t  th i s  p ro cess  in  two d i f f e r e n t  ways. In the  f i r s t  
in s ta n c e  we can th in k  o f the  s i t u a t i o n  where th i s  type 
of te c h n ic a l  p ro g re ss  has been tak in g  p lace  from the
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i n i t i a l  p e rio d  of development o f th e  economy* Thus we w i l l  
have a s i t u a t io n  where th e  r a t e  of growth of g ross 
investm en t and th e  r a te  o f in tro d u c t io n  of the  p a r t i c u la r  
types o f des ig n  improvement can be compared a t  any tim e 
and f o r  any period*  Secondly , we can th in k  of the  
p a r t i c u la r  case of the  g ro ss  c a p i t a l  s to ck  a t  any one 
p e rio d  of tim e when the  a s s e ts  in c o rp o ra te d  in  the  g ross 
c a p i t a l  s to c k  a re  of d i f f e r in g  e f f ic ie n c y *  In  th i s  case 
we a re  concerned w ith  a s im ila r  bu t d i f f e r e n t  p ro p o s itio n  
because the  d i s t i n c t io n  between th e  ap p aren t and r e a l  
c a p i t a l  a p p lie s  on ly  fo r  the p e r io d  between t-m and t*
There i s  no th ing  to  be sa id  about th e  e f f e c t s  of these  
desig n  improvements from the tim e t= 0 .
In the f i r s t  case we know th a t  eq u a tio n  (7) i s  n o t 
c o r r e c t  and has to  be d isco u n ted  a t  th e  r a te  A to  allow  
fo r  the  e f f e c t s  o f des ig n  improvements* We have
The in te r e s t in g  f e a tu re  o f th e  eq u a tio n  i s  t h a t ,  w ith  some 
desig n  improvements tak in g  p la c e , the  r a t e  of growth of 
the  c a p i ta l  s to c k  does n o t have to  be as h ig h  to  g e t the 
same o u tp u t. The r a te  o f growth of th e  design  improvements 
shows th e  p e rm is s ib le  r e d a c tio n  in  th e  r a te  of growth of 
g ro ss  in v es tm en t.
(9 )
= e ( r - X ) t (1 _ a-(r-X)iH)
r  -  A
In  the  second case we know from e a r l i e r  work th a t
replacement is the same as gross investment m years ago;
Rt * = Gt-m where m is the average life-span*
As in the preceding case the replacement expression has 
to be corrected by discounting at the rate A to allow 
for the effects of design improvements* Corrected 
replacement (B) is given as
(10) Rt = = 0t_B
so that the output of the original asset and the one 
replacing it m years later would be the same*
To get a corrected estimate for the real capital 
stock we have to discount each annual series in the 
stock at the rate A* For assets installed m years ago 
this is, as in (10) above, er(t-m)e-Am^ ^or assets of m-1 
years of age the expression is e e , and so on
to t where the expression is erLe~^ • As the various values 
of m are being integrated the real capital stock can be 
shown as M
(11) Kt = C rV (r+X)xdx
When this is integrated we have
(12) Kt = ert(_l e~(r+X)m,r+X. - r + K ’
= rt. 1 - ft-(r+A)m,
6 t r + * '
257
Calculations can be made from this equation and 
equation (7) to give some idea of the effects of design
improvements upon the  c a p i ta l  s to c k . In  Table 9*1 a 
com parison is  made between th e  e s tim a te s  of the  g ross 
c a p i t a l  s to ck  based upon our o r ig in a l  assum ptions and th o se  
in c o rp o ra tin g  th e  allow ance f o r  design  im provem ents. The
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Table 9 .1  -  E stim ates  of the  Gross C a p ita l 
S tock w ith  c o r re c t io n s  fo r  
c e r ta in  design  im provem ents.
t -rm1 -  e
r
____ LI)____
1
(A=.2  5%)  
______ ( 2 )
-(r+A)m
r  + A 
(A = .75g)
( 3)
1 . rm = 0 . 5 , r = 1 .2 5 $ , m = 40
31A 8 30.08 27.53 24.26
100.00 95.56 87.47 77.07
2 . rm = 0 . 5 , r = 2 .50$ , m = 20
15.74 15.38 14.71 13.77
100.00 97.74 93.44 87.47
3 . rm = 1 . 0 , r = 2 .5 0 $ , m = 40
25.28 24.26 22.38 19 .95
100.00 95.94 88.52 78.91
4 . rm = 1 . 0 , r = 5 .00$ , m = 20
12.64 12.38 11.88 11.19
100.00 97.94 94 .00 88.53
main f e a tu re s  of th e  two eq u a tio n s a re  r e ta in e d  in  the 
ta b le  and only  th e  common term  er t  has been dropped from 
th e  c a lc u la t io n s .  The f i r s t  row in  each of th e  fo u r  groups
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has the estimates from the various figures for the rate
of growth of gross investment, life-span of assets, and
the rate of increase of design improvements* The second
row shows the revised estimates of the gross capital stock
expressed as percentages of the original measure of the
capital stock. The figures for the rate of growth of
design improvements are illustrative only as we have no da
data for the category. Such information as is available
relates to total technical progress which may be very
different from that segment which we are interested in
(3)in this exercise.
The few results shorn in Table 9«1 indicate clearly
that the life-span of assets rather than the rate of growth
of gross investment is the important variable in these
calculations; a result not surprising in the circumstances.
The figures suggest that even for quite small rates of
increase in the particular type of technical progress, '
there is a perceptible decline in the gross capital stock
required for a given level of output.
In much the same way we can compare the effects of
(3) Some estimates of technical progress have been made. 
Jacob Schmookler - “The Changing Efficiency of the 
American Economy, l869-1930n; Review of Economics and 
Statisticsy 1952* pp 221-234 - gives an estimate of about 
1.5 per cent per year for the period 1904-1938.S. Valavanis-Vail - “An Econometric Model of Growth,
U.S.A. 1869-1953% American Economic Review. 1955; Papers 
and Proceedings; pp 209-224 - presents an estimate of 
*75 per cent per year between 1869 and 1948. The 
difficulty with these figures is that they refer to 
technical progress generally.
allowing for the same sort of design improvements on the 
ratio of annual replacement to annual depreciation. From
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our initial assumptions discussed in Chapter 1 the 
expression for annual replacement is
(13) Rt = Gt_m = er(t-m) 
and that for annual depreciation as
(14) Dt = ert(l - e"rm)
rm
But, from equation (10), corrected annual replacement is 
shown as
(15)
- _ r( t~m) _\mRt - e e
Therefore we have two equations for the relation between
annual replacement and annual depreciation. The first is
that we have used as the basis of the discussion when
testing Domar's original model
(16) Rt = rm
Dt eTfn - 1
When the adjusted replacement equation is incorporated 
in the ratio we have a new and slightly modified expression
(17) _R± = (rmUe-rm)(e~Xm)Dt 1 _ e—J>ui
= (rm)(e~^m) 
erm - 1
Using the same data as in the preceding table, one can 
see in Table 9.2 the significant variations arising from the 
inclusion of the variable for technical progress. As in the 
previous tables dealing with the ratio of annual Replacement
Table 9 .2  -  Comparison of e s tim a te s  of th e  r a t i o  
o f Annual Replacem ent to  Annual 
D ep rec ia tio n  a llo y in g  fo r  T echnical 
P ro g ress
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rm
erm _ i  
( 1 )
(A=.25$) (A=.75$) (A=i  .5$ )
—LSI_____________ L iI_____________ L M ___
1.
2 .
3.
4 .
rm = 0 ,5 , r =
77.08
rm = 0«5> r =
77.08
riji = 1 . 0 , r =
5 3 .2 0
rm = 1 . 0 , r =
5 3 .2 0
1 .25$ , m = 40
69.74 57.10 42 .30
2 . 50$ , m = 20
73-25 66.34 57.10
2 .50$) m = 40
52.66 43 .11 31.94
5 .0 $ , m = 20
55.31 50.09 43 .11
to  annual d e p re c ia t io n , a change in  th e  r a te  of growth 
s h i f t s  only the  o v e ra l l  le v e l  of the v a r io u s  r a t io s  bu t 
does n o t a f f e c t  the  r e l a t i v e  changes between th e  item s in  
each g roup . For example, the  l i f e - s p a n  of a s s e ts  i s  the 
same between groups 1 and 3 though the  r a t e  of growth 
d i f f e r s ;  th e  r a t i o  of rep lacem en t to  d e p re c ia t io n  in  column 
(4) b ea rs  th e  same r e l a t io n  to  th a t  in  column (1) in  bo th  
g ro u p s. But a change in  the  l i f e - s p a n  has a marked im pact 
upon th e  v a rio u s  r a t i o s .
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In the two preceding sections we have been trying to 
show the difficulties in the way of any analysis using 
technical progress» It would seem that theoretical problems 
limit severely the applicability of many grox^ th models*
But it is equally true that the measurement of technical 
progress is fraught with handicaps which confuse the 
interpretation of results# This section deals with one 
attempt to say something about the role of technical progress 
in the United States economy.
In a recent article Professor Sd>low has presented an 
analysis of the impact of technical change upon a generalised 
production function;‘' His problem is to find an elementary 
way of segregating variations in output per head due to 
technical change from those due to changes in the availabil­
ity of capital per head# His attempt at finding a solution 
involves only a straightforward model; a production function 
incorporating capital, labour and technical progress, an 
estimate of the share of income accruing to capital, and 
estimates of output and the capital stock. In arriving at 
his model he assumes that all factors are paid their marginal
(4) R.M#Solow - "Technical Progress and the Aggregate 
Production Function”, Review of Economics and Statistics, 
August 1957; pp 312- 320#
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p ro d u c ts  and a l l  f a c to r  in p u ts  a re  exhausted  between 
c a p i ta l  and la b o u r . In a d d it io n  P ro fe sso r  Solow assumes 
th a t  t e c h n i c a l  p ro g re s s ' i s  an ex p ress io n  fo r  any s h i f t  
in  the  p ro d u c tio n  fu n c tio n . As he adm its , th i s  w i l l  in c lu d e  
improvements in  th e  q u a l i ty  of lab o u r and a g r e a te r  use of 
the  e x is t in g  c a p i ta l  s to c k .
A fte r  te s t in g  th e  model w ith  d a ta  fo r  th e  U nited  S ta te s
between 1909 and 1949 P ro fe sso r  Solow reach es c e r t a in
c o n c lu s io n s . He claim s f i r s t l y  th a t  te c h n ic a l  change was
n e u t r a l  th roughout th i s  p e r io d . Secondly , th i s  upward
s h i f t  in  th e  p ro d u c tio n  fu n c tio n , i . e .  te c h n ic a l  p ro g re s s ,
was about 1 p er cen t p er y ea r f o r  th e  f i r s t  h a l f  of th e
p e rio d  and 2 per cen t per y ea r f o r  the  second h a l f .  T h ird ly ,
87^- p e r cen t of th e  r i s e  in  g ro ss  o u tp u t p er manhour was
(5)
a t t r i b u ta b l e  to  te c h n ic a l  p ro g re s s . F o u rth ly , the 
p ro d u c tio n  fu n c tio n  g iv es a d i s t i n c t  in d ic a t io n  o f d im in ish ­
ing r e tu r n s .
I t  i s  j u s t  p o s s ib le  th a t  P ro fe sso r  Solow d id  n o t
reco g n ise  the  main f e a tu re s  of h is  model because o f a
p e c u lia r  f e a tu re  o f h is  c a lc u la t io n s  of te c h n ic a l  p ro g re s s ,
i . e .  h is  AA/A and A ( t ) .  In h is  e s tim a te s  he has some
(5) P ro fe sso r  Solow 's conc lusions about the  overwhelming 
im portance of th e  r o le  of te c h n ic a l  p ro g ress  in  r a is in g  r e a l  
o u tp u t p er manhour r e f l e c t  c u r re n t f e e l in g s  about th e  to p ic .  
See, f o r  exam ple, A .K .C airncross -  "The P lace  of C a p ita l in  
T echn ica l P ro g re ss " , Economic P ro g re s s ! e d ite d  by L .D upriez; 
Papers and P roceedings of a Round Table h e ld  by th e  
I n te r n a t io n a l  Economic A sso c ia tio n ; I n s t i t u t  de Recherches 
Economiques e t  S o c ia le s , Louvain 1955; PP 235-248*
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trouble with the interpretation of the results owing to 
the last seven observations, from 1943 to 1949, not fitting 
into the pattern disclosed by the rest of the series. The 
slope of the curve covering these seven observations of 
the production function, net of technical progress, shown 
in his Chart 4 is the same as the main series but, as a 
brief inspection discloses, it is much higher. This 
difference between the two sets of observations is 
significant and, for Professor Solow, cannot be explained, 
indeed he seeks various answers to the difficulty in terms 
of the intensity of use of capital goods and so on but it 
does not help as his technical progress category is a 
•catch-all’ for unexplained shifts in the production 
function.
The error in these seven observations arises solely 
from an arithmetical slip. The estimate of the change in 
technical progress (in his Table 1, AA/A, column 7) for 
1942 is shown as .016 whereas it should be .041. This 
stems from his estimate of the change in private nonfarm 
GNP; the difference between 1941 and 1942 has been used in 
place of the change in the aggregate between 1942 and 19*+3* 
If the corrected estimate for the change in technical 
progress in 1942 is applied to the estimates of the value 
of technical progress (A(t)) and subsequently to the series 
of the private nonfarm GNP, net of technical progress, (q/A) 
used in his Chart 4 the discrepancy between the main layer
of observations and the seven years between 19^3 and 19®+9 
is eliminated!^ When this correction is incorporated in 
the data we get some amendments in the results obtained by 
Professor Solow. The Corrected* GNP per manhour, net of 
technical change, in 19*+9 becomes #*688 rather than #.7 0 5; 
about 6.5 cents of the 65 cent increase and not 8 cents can 
be attributed to increased capital. Thus some 90 per cent 
of the rise in the real GNP per manhour is estimated to be 
the result of improved techniques.
It would seem that the use of gross capital stock
figures could provide useful additional information about
the relationship between technical change, production and
capital. The gross estimates used in this section are
based upon those prepared in Chapter 2. There are some
differences in the coverage of the gross estimates by
comparison with Professor Solow*s net capital figures.
First, inventories, net foreign assets and the value of
nonfarm land are excluded from the gross series. Secondly,
(6) The corrected estimates of A(t) and q/A for the years 
191+3 to 19^+9 are shown in the following table
Technical Progress Private Nonfarm GNP
net of technical 
progress 
q/A 
.681 
•682 
.684 
.671 .670 
.675 .688
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1943
1944
A(t)
1.7331.856
1945 1.895
1946 1.812
1947 1.781
1948 1.810
1949 1.853
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certain minor items such as "Dealers* Commissions on the 
sale of Houses” have been dropped because the arguments 
against inclusion in the series appear to outweigh the 
advantages of the widening of the scope of the definition 
of capital!'7'*
When these gross figures are applied to the model
the results reveal certain differences. As we have noted
that
earlier the net estimates show/about 6.5 cents of the 65
cent increase in the real GNP per manhour over the years
between 1909 and 1949 can be attributed to the increase
in capital. The gross estimates show that 9*4 cents of this
rise stems from an increase in capital; about half as much
again. However, technical progress still remains the most
important factor making for an increase in real GNP per
manhour. An amusing and possibly revealing commentary
upon the nature of the model underlying these calculations
is a comparison of the changes in technical progress
recorded with the gross and net estimates of the capital
stock. The point being that the years of negative
‘technical progress* do not correspondl This can be seen
in Table 913 where the estimates of technical progpess
are shown on both the gross and net capital stock basis.
(7) The other items excluded aVenonfarm used cars and 
Federal Government investment expenditure outside the U.S• 
The biggest itemsis "Dealers’ Commissions”. Expenditures 
under this item were #865 millions in 1949* Gross 
investment expenditure in that year was $+2,144 millions.
Table 9.3 - Gross and Net Estimates of Technical
Progress.
Year Gross C apital 
Stock (1929) 
p rice s)
£ b il l io n s
Gross C apital Basis 
AA/A A(t)
Net C apital Basis 
AA/A A(t)
1909 183.9 -.021 1 .0 0 0 - .0 1 7 1 .0 0 0
1910 191.4 .042 .979 .039 .983
1911 198.3 .007 1.020 .002 1.021
1912 206.0 .034 1.027 .040 1.023
1913
1914
214.8 .012 1.062 .007 1.064
221.8 -.029 1.075 -.028 1.071
1915 228.0 .028 1.044 .034 1.041
1916 2 3 5 .5
2 4 3 .2
-.014 1.073 -.010 1.076
1917 .0 7 0 1.058 .072 1.065
1918 249.5 .012 1.132 .013 1.142
1919 255.9 - .0 7 6 1.145 -.076 1.157
1920 2 6 2 .2 .076 1.058 .072 1.069
1921 267.2 .0 2 6 1.139 .032 1.146
1922
1923
1924
2 7 5 .3
285.7
.006
.021
1.168
1.175
.011
.016
1.183
1.196
297.4 .034 1.200 .032 I .2 1 5
1925 310.3 -.008 1.241 -.010 1.254
1926 323.7 .002 1 .2 3 1 - .0 0 5 1.241
1927 336.9 - .0 0 5 1.233 -.007 1.235
1928 349.8 .020 1 .2 2 7 .020 1.226
1929 362.2 -.037 1.251 -.043 1.251
1930 371.1 .020 1.206 .024 1.197
1931 376.3 -.028 1 .2 3 0 -.028 1.226
1932
1933
1934
377.0
375.9
-.004
.064
1.195
1.190
.011
.072
1.198
1.211
375.5 .031 1.2 67 .039 1.298
1935 3 7 6 .7 .054 1 .3 0 6 .059 1.349
1.4291936 380.9 -.010 1 .3 7 6 -.010
1937 3 8 6 .6 .023 I .3 6 3
1.394
1.451
.021 1.415
1938 390.6 .041 .048 1.445
1939 m .048 * 0 vn 0 1.5141940 .045 1.521 .044 1.590
1941 4 0 9 .1 .014 1.589 .003 1.660
1942 412.0 .041 1 .6 1 2 .041/ 1.665
414.8 .067 1.678 .071 1.733/
415.9 .015 1.790 .021 1.856/
194-5 417.5 -.053 1.817 — .044 1.895/
1946 424.5 -.012 1.721 -.017 1.812/
1947 434.7 .0 1 5 1 .7 0 0 .016 1.781/
1948 449.3 .0 3 0 1.725 .024 1 . 810/
1949 462.8 •• 1.777 — 1 . 853/
Note: ( / )  Corrected e s t i m a t e . T h e  remainder of the fig u res  
in  the two l a s t  columns are taken dyectly  from Professor 
Solow's Table !♦
ro
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In the latter part of his analysis Professor Solow 
fits a number of curves to the date relating output, 
corrected for technical progress, to the capital stock.
(He excludes the last seven Maverick' observations from 
the correlations.) The extremely high correlation 
coefficients recorded for the estimates based upon net 
capital stock figures are repeated when the gross estimates 
are introduced into the various functions. In his diagram 
- Chart b - the apparent curvature indicating diminishing 
returns is not apparent because of the small range of 
observations but it can be seen when the various functions 
are examined. Owing to the restricted nature of the analysis 
and the questionable break-up between the contributions 
of capital and technical progress to output, it is doubtful 
how much weight can be attached to the finding of 
diminishing returns. In this respect the results based 
upon the gross estimates of the capital stock are of no 
more assistance than the net figures.
A number of conclusions stemming from the use of the 
gross estimates can be stated. In the first place we have 
seen that a relatively large difference is shown between 
estimates of the contribution of capital to the growth of 
real GNP per manhour when the gross and net estimates are 
compared. But the margin is quite small absolutely when 
compared with the total increase in GNP per manhour over
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the period. Secondly, while the gross estimates of technical 
progress do not rise as much as those based on net capital 
figures, there is no significant difference in trend. If 
anything does emerge from the comparison it is that the 
pronounced rise in the rate of technical progress after 
1929 recorded in the net calculations is somewhat smaller 
when the gross figures are brought into the analysis.
Thirdly, we have the curious result that negative technical 
progress is not shown for the same years in the gross as 
in the net estimates of the capital stock.
Let us look again at some of the features of Professor 
Solow’s model. Most important are the assumptions which 
say in effect that one can build aggregate production 
functions and all factors receive their marginal products.
In the former case we are dealing clearly with an alleged 
production function based upon a capital stock comprising 
units of greatly varying efficiency. Therefore there is 
no certainty that the results of applying an estimate of 
the share of income accruing to capital to the figure for 
the capital stock will be consistent from one period to 
another. In the latter case suffice it to say that a large 
body of theory has been concerned with the disparity between 
the payments received by factors and their marginal products.
Another point arises over the meaning of technical 
progress in this model. While it is true that one can have
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a decline in the value of the capital stock, it is not the 
same thing to postulate a fall in the stock of technical 
knowledge. Once acquired it is difficult to see how this 
stock can be destroyed* at least for the period between 
1909 and 19*+9♦ In fact Professor Solow*s estimates of tech­
nical progress appear to include anything which upsets some 
'normal* relation between capital and output. This raises 
the question of the difficulties of interpreting a long- 
run series in which the capital stock is not always being 
used at the same level of capacity and the share of income 
accruing to capital cannot always be measured accurately#
In the context of Professor Solow*s model it does seem that 
the measure of technical progress will reflect any of these 
discrepancies. It is no wonder that the other estimates of 
technical progress quoted in his work do not agree with his 
findings
Furthermore we have the conclusion about technical
progress being neutral on average. So far as his estimates
go Professor Solow is correct. There is no evidence of a
relationship between capital per manhour and the annual
change in technical progress and even if we take the change
in capital per manhour, there is no apparent improvement.
(8) In fairness it should be stated that some of the estim- 
ates which Professor Solow compares with his own attempts 
are fairly crude. See, for example, S. Valavanis-Vail - 
op.cit.. p 217.
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Yet as the range of these estimates is so narrow, the 
evidence of neutral technical progress canbhardly be 
thought conclusive. And as the technical progress category 
includes so many things it would perhaps be surprising if 
any relationship between capital, labour and technical 
progress was discernible.
Despite these interesting and provocative conclusions 
one cannot help but have reservations about the work. 
Professor Solow puts it well when he says **I can't help 
feeling that little or nothing hangs on the choice of the 
functional form, but I have experimented with several“
When each of the five functions yield correlation coeffic­
ients in the region of .99 some doubts should arise. 
Therefore an examination of the basis of Professor Solow*s 
model may be helpful in assessing the usefulness of his 
results•
With the assumptions about all factors being paid 
their marginal products and so on we have a generalised 
aggregate production function of the form 
(18) Q = F(K,L,t)
where Q represents output, and K and L represent capital 
and labour while the t for time allows for technical 
progress. On the assumption that shifts in the production 
(9) R.M.Solow - op.cit.. p ^lS.
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function are neutral, we have the special form
(19) Q = A(t)f(K,L)
where the multiplicative factor A(t) measures the cumulated 
technical progress. Furthermore, by assuming that the pro­
duct is exhausted between capital and labour and the 
function is homogeneous of degree one, we have finally an 
equation
(20) a = _jL_ + wkj L
q A k
In this case q = Q/L = output per head, k = K/L = capital
per head, A = cumulated technical progress, while wk is the
relative share of capital in income!10  ^ This equation is
the final form of the theoretical framework of his model.
Let us look at Professor Solow!s observed series. In
this case we put z = the observed series of q, R = the
observed series of k, and s = the observed series of w^«
Thus Technical progress is determined in the following way:
(10) Equation (§&) is the one derived on the basis of 
neutral yechnical progress. The more general equation does 
not depend on such an assumption and can be written:
(20a) _JSL_ _ _1_ iF_ + vniL
q F it krk
Alltthe equations shown in this paper so far are taken 
dicectly from Professor Solow*s article so that a repetition 
of the way in which they were derived does not seem to be 
called for.
273(2D JL = _L *_i_A z "
In this way the annual change in technical progress is found 
and from this estimate it is possible to get a figure for 
cumulated technical p r o g r e s s H a v i n g  obtained an estimate 
of the value of technical progress, he then derives an 
estimate of the real GNP per manhour, net of technical 
progress* With this information it is possible to calculate 
a production function showing a relationship between 
output and capital while abstracting the effects of technical 
progress* These are the estimates we find in his Chart 4.
But this production does not appear to have any real 
meaning* By integrating both sides of equation (4) and 
assuming s - the share of capital in income - constant, we 
have the following equation 
(22) z/A = ARS
The A is constant over time and its value will depend upon
the initial conditions at time t= 0* If s can be assumed
constant and this seems very close to being the actual
situation when the series shown in Professor Solow's Table
1 is examined, we have an exact relationship which must
hold between the observed variables by our definition of
A* There is no room for error so long as s is constant; it
is hardly surprising to find such high correlation
(11) That this method has been used in finding the change 
in technical progress can be seen from the footnote to his 
Table 1, column 7»
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coefficients when the data is tested.
What we have is that all variations from a trend are 
incorporated in technical progress so that a stable 
relationship must be found between capital and real output 
per manhour corrected for technical progress. Perhaps it 
is best seen in another way. At the outset the relation­
ships between technical progress, capital and labour are 
defined as
where m is technical progress and crt the share of income 
accruing to capital. This can be written for convenience 
as z - m = o<r. With observed z = Z, observed oC 2^= 0 = 
constant, and observed r - R then we have
Hence we are fitting ocr = 0R and these will be an exact 
fit apart from errors in the actual data.
In the light of this analysis one can gain a better 
appreciation of Professor Solow's results. In the first 
place t&e estimate of technical progress' seems to be of 
little value as it incorporates the effects of any occurrence 
whether chance or otherwise, upsetting a relationship 
between capital and output. And this relationship is 
determined solely by the share of income accruing to the 
capital stock. Secondly the close fit of the data in the 
various production functions stemd from the nature of the
(23)
(24) m = Z - 0R or Z - m = 0R
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(1?)model itself.
However, Professor Solow may claim to have escaped 
the accusation that his results follow as night and day 
from the assumptions and methods of calculation• He says 
that his estimates are quite independent of any hypothesis 
about the exact shape of the production function; the fact 
that it amounts to one of the Cobb-Douglas type is beside 
the point as this may be said to follow from the available 
data. (More correctly, I suppose, Professor Solow would 
say this if confronted with the suggestion that his work 
was tautological.) If he had assumed a constant share of 
income going to capital, his production function would not 
be independent of any hypothesis. In fact the estimates 
of the share of income going to capital do vary but only 
over an extremely narrow range. This statistical series 
is interesting by itself as we encounter frequently in 
theoretical models the problem of assuming constant shares 
of income.
Nevertheless it is not really true that hiseestimates
(12) It does seem that Professor Solow has not grasped 
fully the implications of his own model. First, there are 
his attempts to explain the e xistence of his seven 
Maverick* observations which we have found to be the result 
of an arithmetical slip. It is likely that this unfortunate 
mishap may have distracted him from analysing the more 
important results of his work. Secondly, the fitting of 
five different functions to the data of his Chart b suggests 
that he may be unaware of the nature of his model. Thirdly, 
the conclusion about diminishing returns follows from the 
underlying features of his model and not from an independent assessment.
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of the shift factor,i.e. technical progress, are independent 
of any hypothesis. They do reflect assumptions about 
factors being paid their marginal products and so on. With 
the product being exhausted between the two factors of 
labour and capital, one is assuming constant returns to 
scale.
The plain fact is that we could insert any set of 
random numbers in the capital stock series and still get 
a production function, net of technical progress, with the 
same close fit.
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Chapter 10 
Conclusions *
The initial propositions of this thesis concerned 
the relationships between annual replacement expenditure 
on capital goods and annual depreciation* Subsequently 
data was assembled for testing these propositions. On 
completion of the statistical analysis, attention was 
diverted to comparisons of the gross and net capital stock 
and the reliability of the information obtained from the 
use of either measure; we saw also something of the pit- 
falls in the application of aggregate estimates alone.
Later chapters deal with some theoretical problems associa­
ted with points raised in the empirical sections as well 
as the implications of discrepancy between annual 
replacement and annual depreciation.
The results of the investigations may be summarised 
under three main headings even though other conclusions 
fall outside these groups. The first relates to the 
examination of the relationship between annual replacement 
and annual depreciation. From that discussion we move 
to questions of the use and interpretation of gross and 
net(of depreciation) estimates of the capital stock. The 
third group refers to some of the theoretical appects of 
the arguments as they affect some of the concepts in
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various models of fluctuations and growth#
The possibility of the ratio of annual replacement 
to annual depreciation being unity is slender and, if it 
should occur, does not represent any equilibrium position. 
Tests with data for the United States based upon the 
initial assumptions of *one-hoss shay* investment and 
straight-line depreciation suggest that the margin may 
not be very large when price rises are brought into the 
model. Although the final value of the ratio depends 
upon the interaction of the real rate of growth, the rate 
of price increases, and the average life-span of assets, 
the real rate has the greatest relative effect upon the 
calculation.
When the initial assumptions about the behaviour of 
investment and depreciation are relaxed the possible 
range of ratios is widened immensely. Several assumptions 
about the distribution of replacement over the life of an 
asset and different time distributions of depreciation 
are introduced. While these amendments to the original 
propositions do not undermine the main point about the 
difference between annual replacement and annual deprecia­
tion, a better appreciation of the model is gained after
testing with data for the United States. It is clear thatbe
annual depreciation may easily/exceeded by annual 
replacement; in this case net(of depreciation) estimates of
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the capital stock would not record the full extent of the . 
decline in capacity*
However, some types of design improvements in capital 
goods increase output without changing the costs of 
installation so that the replacement expenditure on assets 
may be overstated in our estimates* If this deficiency is 
allowed for in the calculations, the ratio of annual 
replacement to annual depreciation will be lowerethan that 
suggested in the main estimates*
Once the margin between replacement and depreciation 
is recognised, we have to consider the relative merits of 
gross and net estimates of the capital stock* The evidence 
in Chapter 5 provides the perspective on such a comparison* 
The gross estimates serve a useful purpose and provide 
information which is not apparent from the net figures 
alone; the interpretation of events is improved markedly* 
This is the case especially at times of major change in 
an economy.
The necessity of measuring the gross capital stock on 
the basis of a 1one-hoss shay* assumption as other 
techniques do not seem practical compels some reservations 
about the data* Nevertheless the best approach is to 
develop estimates for both the gross and net series*
Greater confidence in the handling of material would be
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Justified as the correct position lies probably somewhere 
between the two series*
When the 1one-hoss shay* assumption is relaxed, we 
get substantial variations between theoretical models of 
the gross capital stock* If the effect of design 
improvements is taken into account the amount is further 
reduced* Although the scheme is not a practical one in 
terms of actual measurement, the best approach might be 
to disregard the net estimates altogether and concentrate 
on the variations in gross estimates under different 
replacement assumptions# What we are interested in is the 
changes in capacity taking place within an economy and, 
as Chapter 8, Section I shows, the margin between estimates 
with different replacement patterns, rates of growth and 
asset lives can be great. Indeed much greater than a 
comparison between gross and net aggregates would suggest#
The theoretical problems brought out cover a number 
of points* In the first place, it is apparent that 
concepts embodying capital,such as a production function 
or the familiar acceleration principle, have to be re-defin­
ed in terms of capacity rather than the usual net(of 
depreciation) approach. This theoretical point arises 
whether we are dealing with an average or marginal 
measure.
Secondly, difficulties are found in the interpretation
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of replacement. The overall definition in terms of 
the replacement of the output of an asset with the output 
of another asset runs into trouble when applied to the 
individual firm which views replacement in terms of 
the exchange of an old piece of equipment for a newer 
variety* Although the shift from a macro to a micro 
analysis involves unresolved difficulties, the necessity 
to take into account the output criterion as well as 
the discounted gross profit over the life of the new 
asset is apparent*
Furthermore, the effect of technical progress on 
our model is open to various interpretations* If the 
model is viewed in the narrow sense then there is little 
to be said as capital is the sole factor of production 
and the relation between capital and output is fixed.
In this context technical progress cannot influence the 
grwwth of output* Should this restraint be relaxed, it 
appears that technical progress might influence the 
growth of output as changed techniques would be incorporated 
in the capital stock if the average life-span was short*
But it may only be an offsetting factor to the advantages 
of a longer average life-span which by itself hastens the 
growth of output through a lower ratio of replacement to 
depreciation.
Finally, we have the methods of measuring the capital
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sto ck *  D esp ite  c e r ta in  d e f ic ie n c ie s  the * p erp e tu a l 
inven tory*  method of m easuring th e  c a p i ta l  s to c k  p ro v id es 
th e  b e s t  means of o b ta in in g  u s e fu l e s tim a tes*  So long 
as th e  in ad eq u ac ies  a re  kep t in  mind, i*e* th e  f a i l u r e  
to  r e g i s t e r  c e r ta in  types o f d es ig n  im provem ents, i t  i s  
th e  only  method open to  us f o r  most purposes* Replacement 
c o s t v a lu a tio n  of a s s e ts  has g r e a te r  l im i ta t io n s  s in c e  
t h i s  approach seems to  measure a l l  a s s e ts  in  term s of 
th e  most e f f i c i e n t  machine in  o p era tio n *  T herefo re  i t  i s  
h o p e le ss  to  compare such an e s tim a te  w ith  an o u tp u t 
stemming from equipm ent of d i f f e r in g  q u a lity *
There a re  a number o f o th e r  co n c lu sio n s which may 
be r e - i t e r a t e d *  In th e  f i r s t  in s ta n c e  th e re  are th e  a c tu a l  
e s tim a te s  o f th e  g ro ss  c a p i ta l  s took  made in  C hapter 2 . 
They p rov ide  a u se fu l s t a r t i n g  p o in t  f o r  o th e r  in v e s t ig a t ­
ions in to  e m p iric a l p rob lem s. However, i t  i s  l i k e ly  th a t  
th e se  e s tim a te s  u n d e rs ta te  the  s to c k  in  th e  postw ar y ea rs  
as government b u ild in g s  e re c te d  during  th e  war and 
su b seq u en tly  so ld  to  c i v i l i a n  in d u s try  may be under­
e s tim a te d . Secondly , e s tim a te s  of th e  average l i f e - s p a n  
o f th e  c a p i ta l  s to c k , though n o t c o n c lu s iv e , in d ic a te  
th a t  i t  i s  lo n g e r than  the  f ig u re  commonly h e ld  to  be 
th e  l i f e  o f an o v e ra l l  c a p i ta l  s to c k . This i s  a l l  the 
more in te r e s t in g  as th e  assumed l iv e s  of in d iv id u a l  a s s e ts  
used in  th i s  s tu d y  may be d>n the s h o r t  s id e .  T h ird ly , the
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investigation of capital/output ratios and the long-run 
trend in them shows the dangers of placing too much reliance 
on any one set of estimates* However, the position in 
the United States seems to be that for a narrowly defined 
‘productive*capital, there is a steady decline. This 
is one of the fruits of disaggregating the overall capital 
stock into its major components* Last of all there is 
the examination of an investigation into technical 
progress in the United States* Here we find illustrated 
the problems of making a judgement about the scale of 
this item and the handicaps in using an aggregate 
production function*
APPENDIX A.
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SOURCES AND DATA FOR THE ANNUAL ESTIMATES OF GROSS 
INVESTMENT« DEPRECIATION, REPLACEMENT„ AND THE GROSS
CAPITAL STOCK.
In Chapter 2 we dealt with various estimates related 
to investment, depreciation, replacement, and the gross 
capital stock/ They cover the period between 1897 and 19^9•
In this appendix the sources used in building these aggregates 
are shown as well as the main tables indicating the estimates 
for each individual item.
The estimates for depreciation and replacement are 
based upon certain assumptions. In the first place deprec­
iation is determined on ’straight-line' or linear basis. 
Secondly, replacement reflects the 'one-hoss shay’ assumption; 
the total value of the gross investment is deducted from the 
capital stock at the end of the assumed life of the asset.
Thus the replacement series shown in these estimates is 
simply the gross investment estimates for m years earlier; 
m being the assumed life of the asset.
I.
The sources for each item in the subsequent estimates 
are shown in the following categories. All the references 
are to Goldsmith - Study of Saving in the United States. 
Volume I. unless they are otherwise stated.
1. One to four family homes. 285
a. Asset life - 60 years;
b. Expenditure estimates
i. I836-I868: Table R-26 
ii. 1869-1914: Table R-27 
iii. 1915-19i+9: Table R-28
c. Depreciation
Calculated from Tables R-4 and R-5; as these tables 
show the figures for individuals only they have been 
adjusted to a global basis fromthe estimates of the 
distribution between individuals and others shown in 
Table R-29.
d. Price Index 
Table R-20, col.I.
2. Builders* profit.
a. Asset life - 60 years
b. Expenditure estimates
i. 1837-1890: The estimate is based on Table R-30
where the break-up of the percentage of 
homes built for sale from I89O to 19^9 
is shown. For the earlier years a rough 
estimate has been made by taking the per 
cent of homes built for sale as 30 per 
cent in 1880 and 20 per cent in 1870 
and for all years prior to that time.
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The profit margin of 15 per cent is 
adopted; this is the figure used by 
Goldsmith from 1890 to 1922* 
ii. 1890-19^9: Table R-30 
c. Depreciation and price index 
Same as for item 1.
9. Alterations and additions. 
ä . Asset life - 30 years
b. Expenditure estimates
i. 1867-191*+: Table R-31 
ii. 1915-19V9; Table R-*+ and R-5
c. Depreciation and price index 
Same as for item 1.
b, Multi-family homes.
a. Asset life - 5° years
b. Expenditure estimates
i. 1869-191*+: Table R-27 
ii. 1915-19^9! Table R-28
c. Depreciation
Calculated on a linear basis from the expenditure data.
d. Price index 
Table R-20, col.2.
5. Industrial and commercial building.
a. Asset life - bO years
b. Expenditure estimates
i. 1857-1368; Table R-26, col.4. minus col.5; the 
amount derived in this way is divided 
between industrial, commercial and public 
utility construction in a ratio of 20 
per cent, 20 per cent and 60 per cent.
This break-up was taken from S. Kuznets - 
National Product since 1869: National 
Bureau of Economic Research, N.Y. 1946; 
Table IV, 5A.
ii. I869-I896: Table R-27, col.6. minus col.9; allocated
as above.
iii. 1897-1949: Tables R-10 and R-13 and adjusted to a
global basis with the data shown in 
Table R-29 (see item lc.).
c. Depreciation
Calculated on 0 linear basis from the expenditure 
estimates•
d. Price index 
Table R-20, col.3.
6. Public utility construction.
a. Asset life - 50 years
b. Expenditure estimates
i. 1847-1868: Table R-26, col.4 minus col.5; 60 per
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cent of the residual
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ii. 1869-1896: Table R-27, col*6 minus col.9; adjusted
as above.
iii. 1897-19^9: Table R-l6
c. Depreciation 
Table R-l6
d. Price index 
Table R-20, col.V.
7. Petroleum and oil well drillings.
a. Asset life - 1897-1929: 20 years
193°-19^9: 25 years
b. Expenditure estimates
i. 1877-1896: The computation of development costs prior 
to 1897 is hampered by the lack of certain 
data. From 1897 the estimates are based 
on a relationship between the costs of 
development and the value of output of 
crude oil and natural gas at certain 
benchmark dates. In this earlier period 
the data for gas production is lacking. 
These estimates have been compiled on the 
assumption that the relation between 
crude and natural gas production in the 
years 1897/19Ö4 would hold for this 
earlier period and from the total obtained 
an expenditure ratio of .28 is applied to
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get an estimate of development costs.
The data on petroleum production is from 
Historical Statistics of the United 
States 1769-19V5s Bureau of the Census, 
U.S. Department of Commerce, 19*+9> 
Washington D.C.; Series G 57—58, p.lk-6. 
ii. 1897-19^+9 J Table R~33
c. Depreciation 
Table R-l4
d. Price index 
Table R-20, col.3»
8. Metal mining.
a. Asset life - 40 years
b. Expenditure estimates
i. l857-i896: Development expenditures are estimated 
at 3 per cent of the value of output; 
see the notes to Table R-l6, col.l. In 
Historical Statistics. Series G 1-5 end 
13-18 the value of output is not shown 
earlier than 1880 for metallic minerals 
and I89O in the case of anthracite and 
bituminous coal; the physical product­
ion data for the coals is shown back to 
1857* The wholesale price index (Warren 
and Pearson) for metals and metal products
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from Historical Statistics, Series L 1-14, 
p.231, is used to get a value of production 
for coal; the price index is linked with 
the actual prices for coal given in 
Historical Statistics. Series G 13-18, 
p.l42. Then the relation between coal 
and other metallic products for the years 
I88O/I89O is used to compute a total 
value of production for 1857/1880 and 3 
per cent of the derived total is taken 
as the investment expenditures, 
ii. 1897-1949: Table R-15
c. Depreciation 
Table R-15
d. Price index 
Table R-20, col.3.
2 . Farm construction.
a. Asset life - Residential: 60 years
I\Ton-residential: 45 years
b. Expenditure estimates
i. I837-I896: Table R-27> col.5 divided 47.6 per cent 
to residential and 52.4 per cent to 
non-residential; see Table A-8 , cols .4 
and 7 ) and notes to this table, 
ii. 1897-1949: Table A-7 plus 55 per cent; see Table A-l,
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col.3} notes, and Vol.III, Table W-7j
p.33.
c. Depreciation
Table A-3 plus 55 per cent,
d. Price index
Table R-30, cols. 1 and 2,
10. Institutional buildings.
a. Asset life - 50 years
b. Expenditure estimates
i. 1847-1868: Table R-26
ii. 1869-1914: Table R-27
iii• 1915-1949: Table R-28
c. Depreciation 
Table R-17
d. Price index 
Table R-20, col.5*
IT. Federal Government construction.
a. Asset life - Highways -25 years
Buildings -50 years 
Conservation -80 years
b. Expenditure estimates
The main tables are F-ll and F-l6 but to get the 
break-up between the three main categories it is 
necessary to resort to substitute data. To derive 
the estimates for highway expenditure there is the
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total expenditure on highways from Historical Stat­
istics . Series H-l-26, col.20 and the estimates of 
spending of the local and state governments in the 
Tables G-6 and G-15; deducting the latter from the 
former we have the residual representing the spending 
on this item by the Federal Government. The determination 
of the spending on the other two items can be made 
from other tables in Historical Statistics. Series H 
27-32, p*l69* Total Federal investment expenditure, 
less military work, is computed from this table but 
the amount already determined for highway spending is 
deducted from the total. The expenditure on Conservation, 
etc., is calculated from sub-items 29 and 31 in this 
series. Therefore the residual is taken to represent 
the expenditure in the buildings category.
c. Depreciation 
Tables F-ll and F-l6
d. Price index 
Table R-20, col.8.
12. Federal Government - Corporations and the Reconstruction 
Finance Corporation«
a. Asset life - corporations: 50 years
R.F.C. civilian plants: 40 years 
R.F.C. civilian equipment: 12 years
b. Expenditure estimates
i. 1897-1928: Table F-4; this spending refers to co
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corporations only as the R.F.C. was 
not operating daring this period, 
ii. 1929-19^9:Table F-l4• the only years for which
R.F.C. expenditures on plant and equip­
ment have to be taken into account are 
from 1940 to 1945. The following 
estimates of such spending have been 
supplied privately by Dr. Raymond 
Goldsmith.
R.F.C. R.F.C.
Plant Equipment
(& millions)
1 9 4 0 10 3
1 9 4 1 120 147
1 9 4 2 706 928
1 9 4 3 686 1433
1 9 4 4 142 3 8 6
1 9 4 5 67 199
b. Expenditure estimates 
Table G-15
c. Depreciation
i. Current prices: Table G-15 
ii. Constant prices: Tables computed from the expend'
iture estimates.
d. Price index
i. Highways: Table R-20, col.6. 
ii. Other: Table R-20, col.8.
14. Local Governments.
a. Asset life - Highways: 25 years
Other construction:-50 years 
Equipment: 12 years
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b. Expenditure estimates
i. 1847-1396: Tables R-26, col.3 and R-27, col.12:
equipment expenditure estimated as l/9th 
of the total - see Table G-6, cols.5 
and 9 > notes•
ii. 1397-1949: Table G-6
c. Depreciation
Calculated on a linear basis from the expenditure
estimates.
d. Price index
i. Highways: Table R-20, col.6. 
ii. Other: Table R-20, col.8.
iii. Equipment: 1885-1896: G.F. Warren and F.A. Pearson
-Gold and Prices;
Wiley, N.Y. 1935; wholesale 
price index, pp 30-2.
1897-1949: Same index as for R.F.C.
equipment - item 12diii.
15. Industrial equipment and machinery.
a. Asset life - 20 years
b. Expenditure estimates
i. 1877-1896: W.H. Shaw - Value of Commodity Output
since 1869: National Bureau of Economic 
Research, N.Y. 1947; value of output 
data, pp 52-53* Interpolations between 
the benchmark dates of 13695 1379 and
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1389 made by using W.M. Persons’ index 
of manufacturing production (in Histor­
ical Statistics, Series J 13-14) and 
converting to a value index with the 
appropriate price index from Table P-10 
col.1.
ii. 1897-1949: Tables P-5 and P-6.
c. Depreciation 
Tables P-7 and P-8.
d. Price index 
Table P-10, col.l.
l6. Electrical equipment.
a. Asset life - 3° years
b. Expenditure estimates
i. 1874-1896: W.H. Shaw - op.cit., pp 53-54; output 
was negligible prior to 1889 and the 
estimates for 1379 and I889 were 
connected by a linear interpolation, 
ii. 1397-1949: Table P-5 and P-6.
c. Depreciation 
Tables P-7 and P-8.
d. Price index
Table P-10, col.2.
17. Hon-residential furniture and equipment.
a. Asset life - 20 years
b . Expenditure estimates
i. I877~l896: W.H. Shaw - o p .cit.. item 29, pp 55-56.
Interpolations on the same basis as for 
Industrial equipment and machinery with 
the appropriate price index from Table 
P-10, col.4.
ii. 1897-1949: Tables P-5 and P-6.
c. Depreciation 
Tables P-7 and P-8.
d. Price index 
Table P-10, col.4.
18. Office enuroinent.
a. Asset life - 8 years
b. Expenditure estimates
i. 1889-1896: W.H. Shaw - o p .cit.. item 28, p.55* 
ii. 1897-1949: Tables P-5 and P-6.
c. Depreciation 
Tables P-7 and P-8.
d. Price index 
Table P-10, col.3*
19. Pailwav and Transit equipment.
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a. asset life - 28 years
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b. Expenditure estimates
i. 1869-1896: W.H. Shaw - o p .cit., item 3 8 , pp56-57* 
This series does not comprise the full 
coverage of the group in the Goldsmith 
series but the limitation is overcome by 
relating the figures taken from Shaw to 
the figures contained in Table P-6, col,6 
for the period 1897/1902« The derived 
ratio is then used to inflate Shaw's 
figures. The interpolations were based 
on the same series as in the case of the 
Industrial equipment with the price index 
from Table P-10, col.5« 
ii. 1S97—19^9: Tables P-5 and P-6.
c. Depreciation 
Tables P-7 and P-8.
d. Price index 
Table P-10, col.6.
TO. Ships and boats.
a. Asset life - 30 years
b. Expenditure estimates
i. 1867-1 896: Historical Statistics. Series K 119-123, 
p.2 1 1 5 this is a series giving the 
tonnage of ships built in the United 
States though it has to be corrected to
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a Calendar year basis by averaging each 
of the adjacent June year figures. These 
tonnage estimates are similar to those 
shown by E. Frickey in ?ro< ■ uction in the 
United States l360-l?l4; Harvard Uni­
versity Press 19^7• Table 1, col.40, p.l4. 
From these tonnage figures a value esti­
mate is made by linking with Goldsmith’s 
figures for 1397/1902 with the price indent 
shown in Table P-10, col.6. The final 
compilation is then used to make spending 
estimates linking the Benchmark years 
1869, 1879 and 1889 shown in W.H. Shaw 
- o p .cit., p . 57.
ii. 1897-1949: Tables P-5 and P-6.
c. Depreciation 
Tables P-7 and P-8.
d. Price index 
Table P-10, col.6.
21. Business and, horse-drav/n vehicles .
a. Asset life - 8 years
b. Expenditure estimates
i. 1889-1896: D.H. Shaw - o p .cit.. item 52b, pp5S-59. 
ii. 1897-1949: Tables P-5 and P-6.
c. Depreciation
Tables P-7 and P-8
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d. Price index
Table P-10, col.7*
2':. i^rcra.^ fr.
a. Asset life - 5 years
b. Expenditure estimates 
Tables P-5 and P-6.
c. Depreciation 
Tables P-7 and P-8.
d. Price index 
Table P-10, col.8.
21. Professional and scientific equipment.
a. Asset life - 10 years
b. Expenditure estimates
i. 1887-1896: r.H. Shaw - on.cit., item 3^ > PP 59-60.
The series was linked with the Goldsmith 
figures for the period 1897/1900. 
ii. 1897-19^9: Tables P-5 and P-6.
c. Depreciation 
Tables P-7 and P-8.
d. Price index 
Table P-10, col.9.
2 .  Tools .
a. Asset life - 5 years
b. Expenditure estimates
i. 1892-1396: The data in V/.H, Shaw - op.cit.. item 35?
pp 60-61, is linked with the estimates 
ih Table P-5? col.11 for the period 1897/ 
1902 and the derived ratio applied to 
Shaw’s figures to get a comparable series 
for 1892/1896.
ii. 1897-19^-9: Tables P-5 and P-6.
c. Depreciation
Tables P-7 and P-3.
d. Price index
Table P-10, col.10.
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29. Trucks.
a. Asset life - 6 years
b. Expenditure estimates 
Tables P-5 and P-6.
c. Depreciation 
Tables P-7 and P-8.
d. Price index
Table P-10, col.11.
2 ^ ' is ce11aneous ea uinnent.
a. Asset life - 5 years
b. Expenditure estimates
i. I892-I896: The data in W.H. Shaw - op.cit.. item 36,
p6l, is linked with the estimates in
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Table 5, col.13 for the period I897/19O? 
and the ratio applied Jo Shav’s figures 
to get a comparable series for 1892/1 8 9 6. 
ii, 1897-19^-9: Tables P-5 and P-6 .
c. Depreciation 
Tables P-7 and P-3.
d. Price index
Table P-10, col.12.
27. Tractors•
a. Asset life - 1909-1919: 5 years
1920-1929: 10 years 
1938-1949: 15 years
b. Expenditure estimates
t 2.
Table A-l8 , cols.3 and 4.
c. Depreciation
Table A-l8 , cols.3 and 4.
d. Price index 
Table A-3 0 , col.4.
23, Farm equipment.
a. Asset life - 15 years
b. Expenditure estimates 
Table A-17, col.9.
c. Depreciation
Table A-l6 , cols.3 and 4.
d. Price index
Table A-3 0 , col.3 .
?■'?. Farn horse-drawn vehicles
a. Asset life - 8 years
b. Expenditure estimates 
Table A-l7, col.10.
c. Depreciation
Table A-l7, cols.3 and 4.
d. Price index 
Table A-30, col.3.
30. Perm -■iscellaneous durables.
a. Asset life - 5 years
b. Expenditure estimates 
Table A-17, col.11.
c. Depreciation
Table A-l6, cols.3 and 4.
d. Price index 
Table A-30, col.3.
31. Farm trucks.
a. Asset life - 10 years
b. Expenditure estimates 
Table A-19, cols.l and 2.
c. Depreciation
Table A-19, cols.3 and 4,
d. Price index
Table A-30, col .7
II
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The various annual estimates of gross investment, 
replacement, and depreciation are presented in the attached 
tables* They are shown in current prices as well as 
constant (1929) prices* In compiling these estimates, the 
procedure has been to >rork from data, mainly taken 
from Goldsmith*s volumes, which give the information on 
a current price basis* Using the various price series 
listed in the preceding section, one can then estimate 
the equivalent constant price series* This is the approach 
used in constructing the various gross investment and 
replacement estimates* The development of the series for 
annual depreciation differs slightly from that of the 
other two* Where the figures are not available in 
Goldsmith’s volumes, the annual estimates have been 
calculated directly from the estimates of gross 
investment or, for the years prior to 1897, the replacement 
series* The latter figures are, of course, the gross 
investment estimates reproduced at the end of the life 
of each asset*
Tables A.l, A .2 and A *3 show the annual current price 
estimates for gross investment, replacement, and 
depreciation* Tables A.4 , A.5 and A *6 present similar 
series on a constant price basis*
K ,L,8,,", ') 304TABLE A.l. ^rvERsv^V
ANNUAL ESTIMATES OF GRUSS DIVESTMENT : 1897 - 1949.
(Current Prices)
($ millions).
ITEM 1897 1898 1899 1900 1901 1902 1903 1904 1905 1906 1907 1908 1909 1910
1. 1 - 4 family homes 301 292 340 282 386 469 582 601 764 883 892 * 819 983 981
2* Alterations and Additions 24 26 26 43 48 90 102 65 62 98 122 96 75 95
3. Builders’ additional profit 21 21 25 21 29 37 47 49 63 74 76 71 67 88
4. Multi-family homes 19 18 20 18 34 41 58 59 76 77 78 71 97 109
5. Commercial building 168 158 160 228 223 261 211 184 205 276 322 234 246 252
6. Industrial building 169 155 160 228 225 261 209 186 205 274 317 235 250 253
7. Public Utility 506 471 477 682 675 784 626 551 617 829 955 705 746 757
8. Petroleum 13 14 20 24 22 24 31 32 28 31 40 42 43 44
9. Metal Mining 14 15 22 25 25 29 33 28 35 42 46 32 39 41
10. Farm - residential 76 84 87 96 102 108 108 113 114 124 129 132 146 161
11. - non-residential 82 91 95 105 112 121 121 126 126 138 141 146 161 175
12. Institutional 73 68 69 99 98 114 91 80 89 120 139 102 108 11013. Federal Govt Highways 0 0 0 0 0 0 0 0 0 0 0 0 0 0
14. Federal Govt Buildings 9 2 8 11 8 13 16 19 31 40 53 56 53 6215. Federal Govt Conservation 14 21 16 19 20 15 20 24 27 33 36 42 44 3516. Fixed assets - Govt agencies — — - - — — — - 1 3 3 2 2 -17. Reconstruction Finance Corporation - - - - - - - - - - - - - -
18. State Govt Highways - - - - - 1 2 3 2 1 2 5 9 1219. State Govt Other — — — 1 1 1 2 3 2 1 3 5 8 1120. Local Govt Highways 35 40 40 43 44 64 87 104 100 98 129 128 133 14221. Local Govt Other 97 102 111 121 137 118 160 153 160 172 208 248 223 23922. Producers Durables various 427 476 643 783 791 898 1008 860 1047 1333 1445 860 1024 123923. Cars - unincorporated business - — 1 1 1 1 1 2 3 6 9 13 15 2024» - incorporated business - — - — — — 1 1 2 3 4 6 7 1025. Tractors — — - - - — - - — — — - 2 6
26o Machinery 90 132 154 155 171 236 236 186 202 249 250 213 257 26427. Horse vehicles 18 19 24 23 30 28 28 28 32 34 37 30 33 3728. Miscellaneous 35 38 45 50 48 56 56 59 62 71 83 81 80 7829. Trucks — — — — — — — - — — 1 1 2 330. Federal 1 1 1 1 1 1 1 2 2 2 2 2 2 231. RFC — — — — - - — — — — — — — —
32. Local 12 12 13 15 16 14 19 18 19 21 25 30 27 29
33. Total 2203 2256 2557 3074 3247 3784 3856 3536 4076 5033 5547 4407 4902 5255
TABLE A . l .  (C o n t .)
ITEM 1911 1912 1913 1914
1 . 1 -  4 fam ily homes 909 990 990 898
2. A lte ra tio n s  and A dditions 112 121 138 119
3 . B u ild e rs ' a d d itio n a l p ro f i t 83 91 91 84
4 . M ulti-fam ily  homes 101 110 110 122
5. Commercial bu ild in g 230 271 330 238
6 . In d u s tr ia l  bu ild ing 222 275 326 246
7 . Public  U t i l i ty 687 814 999 714
8 . Petroleum 46 56 76 71
9. Metal Mining 39 47 49 41
10. Farm -  re s id e n t ia l 152 164 164 164
11. -  n o n -re s id en tia l 167 181 181 181
12. I n s t i tu t io n a l 100 118 145 104
13. Federal Govt Highways 0 0 0 0
14. Federal Govt Buildings 56 57 56 46
15. Federal Govt Conservation 42 45 49 58
16. Fixed A ssets -  Govt agencies - 3 4 3
17. R econstruction Finance Corporation - - - —
18. S ta te  Govt Highways 13 20 30 45
19. S ta te  Govt Other 13 19 30 38
20. Local Govt Highways 165 158 156 173
21. Local Govt Other 267 255 264 266
22. Producers Durables various 1137 1442 1656 1237
23. Cars -  unincorporated business 20 30 36 38
24. -  incorporated  business 10 15 18 19
25* T ractors 8 14 10 20
26. Machinery 273 303 305 273
27. Horse veh icles 35 34 30 26
28. M iscellaneous 77 80 77 79
29. Trucks 4 7 7 12
30. Federal 6 5 6 7
31. RFC
32. Local '  32 31 32 32
33. Total 5006 5756 6365 5354
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1915 1916 1917 1918 1919 1920 1921 1922 1923 1924
908 1035 895 711 1487 1550 1630 2622 3432 3963
140 145 125 110 130 175 185 200 210 230
85 97 85 68 144 152 160 260 456 531
136 141 111 53 165 172 181 357 559 645
230 388 354 202 382 876 822 955 1090 1153
200 254 370 441 646 1100 598 444 543 474
616 726 851 756 735 852 678 877 1296 1473
62 106 163 215 231 392 235 251 269 272
50 75 109 120 87 130 69 76 106 83
169 239 308 315 423 412 152 184 220 206
186 263 388 426 589 465 194 232 271 256
90 120 137 122 151 107 147 217 257 284
0 0 0 1 3 4 3 4 2 9
28 33 38 36 33 18 13 1 1 3
59 38 35 35 37 55 52 48 65 79
1 4 4 22 80 5 -25 -4 - 11
43 26 21 29 72 140 210 260 305 362
46 50 46 39 30 26 50 76 94 112
244 275 293 266 378 534 652 586 473 588
224 148 137 150 31 38 78 373 539 878
1283 2238 3343 4180 3417 3860 2543 2659 3745 3432
52 85 96 74 118 153 118 147 200 184
26 42 48 37 59 77 59 73 100 92
28 31 53 130 179 212 83 80 97 92
255 259 306 352 448 511 201 189 293 256
22 23 38 37 39 - - - - -
52 64 95 105 no 159 28 46 42 25
20 23 26 24 40 81 56 60 57 79
3 2 3 3 6 13 11 6 8 7
27 18 16 18 4 5 9 45 65 106
5279 i6948 18494 9076 10251 12274 9192 :11279 14795 15885
TABLE A.l. (Cont.)
ITEM 1925 1926 1927 1928
1. 1 - 4 family homes 4110 3972 3526 3300
2. Alterations and Additions 250 270 290 315
3. Builders' additional profit 554 540 363 343
4. Multi-family homes 842 993 1053 931
5. Commercial building 1508 1784 1738 1619
6. Industrial building 546 708 710 848
7. Public Utility 1415 1528 1576 1482
8. Petroleum 326 355 283 251
9. Metal Mining 83 92 80 78
10. Farm - residential 219 212 248 242
11. - non-residential 263 248 302 271
12. Institutional 352 368 391 375
13. Federal Govt Highways 9 9 51 19
14. Federal Govt Buildings 6 - 3 6
15. Federal Govt Conservation 73 61 63 72
16. Fixed Assets - Govt Agencies 15 5 4 38
17. Reconstruction Finance Corporation - - - -
18. State Govt Highways 372 379 428 493
19. State Govt Other 124 124 124 129
20. Local Govt Highways 622 640 692 663
21. Local Govt Other 879 669 1020 978
22. Producers Durables various 3654 3921 3667 3815
23. Cars - unincorporated business 224 237 194 217
24. - incorporated business 112 119 97 108
25. Tractors 119 129 155 130
26. Machinery 298 336 323 345
27. Horse vehicles — — — —
28. Miscellaneous 32 30 30 25
29. Trucks 85 99 93 102
30. Federal 7 7 9 17
31. RFC — — — •
32. Local 106 81 123 118
33. Total 17205 17916 17594 17330
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1929 1930 1931 1932 1933 1934 1935 1936 1937 1938
2438 1381 1183 484 292 396 704 1129 1364 1525
340 305 175 105 145 200 250 295 320 295
254 97 83 34 21 29 51 124 150 169
648 225 161 26 25 21 45 126 169 151
1574 1273 658 311 193 228 266 371 504 424
905 533 220 69 193 196 164 241 472 231
1681 1612 1007 507 306 362 391 542 736 635
302 260 145 186 137 199 242 297 413 368
85 64 44 27 32 43 48 62 76 53
229 166 91 27 45 56 95 118 155 122
248 133 59 20 31 46 102 132 166 143
371 362 258 132 47 44 55 91 117 126
46 63 44 93 110 100 85 102 84 65
4 6 52 67 24 3 15 - 19 31
86 111 135 139 168 245 317 339 310 299
25 13 44 45 32 46 122 344 855 764
584 696 692 521 437 475 531 636 584 563
140 169 201 174 130 126 135 134 125 169
624 726 615 435 239 127 152 189 234 230
921 1073 908 641 353 374 447 555 689 678
4672 3641 2364 1330 1280 1849 2319 3181 3931 2912
243 153 106 58 71 95 141 179 185 113
122 77 53 29 36 47 70 90 93 57
181 158 76 32 30 83 153 214 271 201
367 304 166 79 85 132 223 290 374 346
23 20 11 5 5 8 12 13 19 15
102 66 31 17 29 57 63 83 87 47
25 29 28 26 26 30 60 79 59 40
111 129 109 77 43 45 54 67 83 82
17351 13845 9719 5696 4565 5662 7312 10022 12694 10854
TABLE A . l .  (C o n t .)
ITEM 1939 1940 1941
1. 1 -  4 fam ily homes 2109 2443 2922
2 . A lte ra tio n s  and A dditions 320 335 375
3 . B u ild e rs’ a d d itio n a l p ro f i t 236 274 330
4 . M ulti-fam ily  homes 234 184 186
5. Commercial bu ild in g 425 465 543
6 , In d u s tr ia l  b u ild in g 255 440 800
7 . Public U t i l i ty 711 804 904
8 . Petroleum 368 398 423
9 . Metal Mining 66 83 105
10. Farm -  re s id e n t ia l 164 225 282
11. -  no n-re s id e n t ia l 164 147 198
12. In s t i tu t io n a l 118 142 166
13. Federal Govt Hi^iways 13 8 8
14. Federal Govt B uildings 67 88 82
15. Federal Govt Conservation 310 310 354
16. Fixed Assets -  Govt Agencies 78 -189 120
17. R econstruction Finance Corporation 78 10 418
18. S ta te  Govt Highways 558 561 546
19. S ta te  Govt Other 193 152 118
20. Local Govt Highways 288 402 246
21. Local Govt Other 848 1116 682
22. Producers Durables various 3347 4514 5684
23. Cars -  unincorporated business 156 204 242
24. -  incorporated  business 78 102 121
25. T ractors 200 231 302
26. Machinery 305 362 481
27. Horse veh icles — — —
28. M iscellaneous 13 15 18
29. Trucks 69 75 101
30. Federal 63 72 69
31. RFC — 3 147
32. Local 102 134 82
33. Total 11818 13110 17055
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1942 1943 1944 1945 1946 1947 1948 1949
1373 636 544 712 3223 5200 7003 6603
225 160 220 340 570 735 925 825
209 97 84 110 503 816 1106 1050
103 87 47 37 170 332 609 816
220 55 100 295 1420 1073 1637 1470
340 160 200 640 1680 1700 1400 980
805 577 737 848 1426 2407 3067 3394
306 347 526 598 653 773 1051 1064
120 131 135 122 122 178 209 176
209 188 167 155 634 947 1040 963
195 253 271 259 693 1025 1125 1040
84 23 48 94 284 410 630 831
- — 15 41 48 74 207 376
74 172 13 21 20 20 40 70
350 285 163 130 250 350 500 650
706 686 142 67 62 15 -126 40
1571 3741 1756 1230 182 -275 -472 -72
472 349 252 245 468 844 1174 1384
98 74 65 95 227 406 526 666
172 112 79 100 167 317 426 648
477 311 220 277 463 785 1290 1961
3849 3219 4445 6077 9707 12669 14326 12909
17 18 8 4 208 400 482 684
9 9 4 3 104 200 241 342
253 138 359 309 371 615 866 957
520 390 609 724 838 1217 1539 1592
20 15 21 25 .  27 45 50 60
— 23 34 20 90 198 274 292
148 125 73 71 152 157 222 185
928 1433 368 199 - - - -
58 37 26 33 56 94 156 178
13906 13851 11731 13881 24818 33727 41523 42144
TABLE A.2.
AMUAL ESTIMATES OF REPLACEMENT : 1897 - 1949. 
(Current Price Basis)
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ITEM 1897 1898 1899 1900 1901 1902 1903 1904 1905 1906 1907 1908 1909 1910
1. 1 - 4 family homes, alterations 
and additional profit, etc» 51 54 72 69 74 97 118 133 149 148 159 147 147 148
2» Multi-family homes - - - - - - - - - - - - - -
3. Industrial & Commercial 33 33 36 35 43 41 49 57 61 66 65 62 70 48
4. Public utility 28 33 34 38 39 44 47 49 56 61 65 60 61 56
5. Institutional 4 4 4 7 7 6 8 7 9 9 9 9 10 10
6» Petroleum 10 7 6 9 9 8 8 8 7 7 7 7 10 12
7. Metal Mining 1 1 1 1 1 1 2 3 3 4 4 4 4 4
8. Farm - residential 10 10 10 11 12 13 18 18 20 21 26 25 30 30
9* - non-residential 25 26 27 29 31 33 39 43 44 52 54 44 39 39
10. State Govt Highways - - - - - - - - - - - - - -
11. State Govt Other — — — - — - - - - - - - - -
12. Local Govt Highways 3 4 4 5 6 7 8 9 9 11 11 12 14 1613. Local Govt Other 3 3 3 3 3 3 3 4 4 5 7 7 7 914. Federal 1. Highways - - - - - - - - - - - - — —
15. 2. Buildings 1 1 1 3 1 3 3 4 7 6 10 9 7 516. 3» Other - Conservation — — — — — — - - — - — - 2 2
1 7* 4* Equipment
18o 5«
1 1 1 1 1 1 1 1 1 1 1 1 1 1— — — — — — — — — — — — — —
19. Local equipment 3 4 4 5 5 6 5 7 8 10 10 10 15 1420. Industrial machinery 78 88 103 127 127 141 131 140 135 158 170 162 202 20321. Electrical equipment - - - - - - - - - 1 1 1 1 2
22. Office machinery 6 7 8 10 9 8 11 15 10 10 13 17 18 2223. Nonresidential furniture 18 23 24 25 28 29 38 39 43 48 55 54 57 6324. Ships & boats 5 5 5 6 8 10 12 17 15 14 17 20 20 2525. Railway & transit 27 35 39 32 30 36 41 38 44 40 52 64 90 9926. Horse vehicle^ 12 15 19 19 18 15 16 15 14 15 17 17 22 2327. Aircraft — — — — — — — — — — — — — —
28. Professional & scientific 1 2 2 2 2 3 2 2 2 4 3 2 3 429. Tools 10 10 8 10 10 9 11 12 13 14 17 18 18 1930. Trucks — — — — — — — — — — — 2 2
31. Miscellaneous 34 42 42 43 45 51 44 47 49 58 60 62 61 6632. Passenger cars — — — — — — — - — - 3 3 2 433. Tractors — — — — — — — — — - - - - -
34. Machinery 77 82 103 122 121 127 138 127 142 129 133 123 114 12335. Horse vehicles 17 20 23 26 24 22 21 20 22 25 34 29 34 3136. Miscellaneous 35 34 37 43 44 44 46 47 50 54 64 60 63 6737. Trucks - - - - - - - - - - - - - -
38. Total 493 544 617 681 698 758 820 862 917 971 1067 1029 1124 1147
309TABLE A. 2. (Cont.)
ITEM 1911 1912 1913 1914 1915 1916 1917 1918 1919 1920 1921 1922 1923 1924
1. 1 - 4 family homes, alterations 
and additional profit, etc. 157 161 158 176 208 202 247 313 363 513 464 425 436 403
2. Multi-family homes — — — - - - - — 3 3 7 16 25 23
3« Industrial & Commercial 39 95 130 79 88 92 94 76 138 241 316 287 366 381
4. Public utility 66 72 84 95 98 115 139 160 189 140 113 261 292 196
5. Institutional 10 11 12 13 18 16 19 22 27 25 14 35 51 32
6. Petroleum 12 10 11 14 25 27 22 27 44 64 46 48 64 67
7. Metal Mining 5 76 6 6 5 7 8 10 14 18 20 20 21 22
8. Farm - residential 33 31 33 33 35 40 48 71 91 118 92 87 82 699. - non-residential 40 45 51 55 71 86 111 147 184 244 184 170 177 16710. State Govt Highways - - - - - - - - - - - - - -
11. State Govt Other — - — - — — — — — — — — — -
12. Local Govt Highways 17 19 22 22 24 29 36 49 60 88 77 82 99 90
13. Local Govt Other 9 9 9 7 8 9 14 18 22 33 25 24 31 3514. Federal 1. Highways - - - - - - - - - - - - - -
15. 2. Buildings 4 2 1 1 2 2 5 8 9 18 14 14 23 2816. 3. Other - Conservation 2 2 2 2 2 2 3 4 4 — — - — -
17. 4. Equipment 1 1 1 1 1 2 3 4 4 5 4 4 11 9
18. 5. R.F.C. — — — — — — — — — — — — — —
19. Local equipment 15 17 19 16 25 27 35 49 59 79 58 54 59 57
20. Industrial machinery 247 247 223 195 323 443 355 436 582 805 728 730 900 682
21. Electrical equipment 2 3 5 6 9 11 14 18 19 33 35 31 26 2222. Office machinery 27 20 27 40 47 37 58 85 73 95 104 78 91 13123. Nonresidential furniture 74 91 95 79 96 106 117 120 173 248 223 211 235 21524. Ships & boats 32 31 29 24 1 7 18 37 64 76 75 69 57 54 4025. Railway & transit 134 132 97 90 136 212 236 292 350 398 327 136 195 24926. Horse vehicles 22 21 23 25 24 20 22 34 34 31 28 27 29 3327. Aircraft — — — — — — — — - — — — — 6
28. Professional & scientific 4 6 6 5 8 11 13 14 21 21 17 17 21 2929. Tool s 21 25 17 23 23 24 38 52 51 64 78 71 102 79
30. Trucks 3 3 2 2 7 11 22 47 41 20 38 49 81 17731. Miscellaneous 70 85 111 105 109 123 174 171 274 257 268 245 285 20032. Passenger cars 4 4 6 7 12 17 18 35 45 75 97 138 142 98
33» Tractors — — — 1 5 6 9 8 17 24 27 30 36 4234. Machinery 97 125 1 78 183 174 210 322 316 348 362 403 347 337 42035. Horse vehicles 31 33 35 37 43 35 41 56 60 60 48 37 33 3536. Miscellaneous 72 80 87 84 80 83 98 120 127 84 95 110 101 106
37. Trucks - - - - - - - - 1 3 3 5 6 10
38. Total 1250 1457 1480 1426 1723 2023 2358 2826 3503 4244 4022 3846 4411 4153
TABLE A. 2. (Cont.)
ITEM
1. 1 -  4 fam ily homes, a l te ra t io n s
and a d d itio n a l p r o f i t ,  e tc .
2. M ulti-fam ily  homes
3 . In d u s tr ia l & Commercial
4 . Public  u t i l i t y
5 . I n s t i tu t io n a l
6 . Petroleum
7 . Metal Mining
8 . Farm -  re s id e n tia l
9 . -  n o n -re s id e n tia l
10. S ta te  Govt Highways
11. S ta te  Govt Other
12. Local Govt Highways 
13« Local Govt Other
14. Federal 1 . Highways
15. 2 . Buildings
16. 3» Other -  Conservation
17. 4 . Equipment
18. 5. R.F.C.
19« Local equipment
20. In d u s tr ia l  machinery
21. E le c tr ic a l  equipment
22. O ffice machinery
23. N onresiden tia l fu rn itu re
24. Ships & boats
25. Railway & t r a n s i t
26. Horse veh icles
27. A irc ra f t
28. P ro fess io n a l & s c ie n t i f ic
29. Tools
30. Trucks
31. M iscellaneous
32. Passenger cars 
33o T ractors
34« Machinery 
35» Horse veh icles
36. M iscellaneous
37. Trucks
38. Total
1925 1926 1927 1928
402 398 386 396
22 13 24 14
336 420 494 512
218 203 187 133
34 33 27 20
57 61 75 80
21 23 24 27
62 63 71 78
137 120 105 97
- - 2 3
88 88 123 151
42 46 56 61
31
A
22 20 15
4
11 13 5 3
58 58 45 26
847 1079 1048 743
34 39 35 45
150 137 102 140
237 252 219 186
54 49 49 79
211 246 344 365
32 24 13 -
6 5 7 8
33 32 45 70
79 77 70 82
174 193 106 189
211 199 231 281
131 143 120 188
47 54 60 81
407 420 469 469
58 55 56 —
148 27 50 43
16 20 24 20
4398 4612 4692 4605
310
1929 1930 1931 1932 1933
457 462 438 604 516
17 40 34 62 60
487 645 571 676 614
187 246 400 344 411
29 41 65 52 63
81 76 74 74 109
26 27 25 24 23
88 102 94 86 95
88 80 85 86 100
5 3 1 2 7
179 153 122 121 162
67 68 67 62 70
15
1
16 10 11
3 3 5 9 8
18 15 3 3 7
905 956 759 820 900
71 81 75 85 108
85 108 134 129 124
226 216 174 160 133
77 97 124 108 110
376 454 517 378 481
8 7 11 11 28
42 49 39 46 46
77 77 72 69 84
298 264 271 238 185
203 263 264 250 234
282 248 294 319 259
85 90 91 110 121
417 376 360 354 313
25 32 29 28 23
30 54 46 51 49
4954 5350 5260 5371 5454
1934 1935 1936 1937 1938
565 558 688 861 982
81 49 47 58 69
592 638 558 810 712
455 398 508 646 658
74 62 81 108 115
114 104 157 231 258
23 28 30 31 34
122 134 142 147 141
124 139 158 158 159
12 15 16 24 32
— — — — —
166 176 209 190 167
86 95 106 126 136
— — — — —
13 13 10 14 14
4 4 - — -
6 7 7 7 7
— — — — —
43 57 95 103 79
825 853 1314 1773 1676
88 93 137 146 100
126 132 137 134 90
133 109 126 178 136
100 104 99 126 63
733 901 350 337 529
— — — — —
34 16 10 1 10
48 51 59 60 62
82 63 73 33 40
208 350 274 226 134
311
299
288
313
235
208
184
162 16i
106 99 101 104 73
403 455 188 202 313
mam «. . . . .
22 19 11 5 7
74 81 96 95 106
6072 6404 6230 7280 7036
TABLE A. 2. (Cont.)
ITEM 1939 1940 1941
1. 1 - 4 family homes, alterations 
and additional profit, etc. 962 1063 1324
2. Multi-family homes 78 73 77
3. Industrial & Commercial 709 991 10674. Public utility 642 1176 1038
5. Institutional 114 191 164
6. Petroleum 229 318 266
7. Metal Mining 49 54 60
8. Farm - residential 129 112 1139. - non-residential 146 155 15810. State Govt Highways 50 47 3011. State Govt Other — — —
12. Local Govt Highways 191 263 32113. Local Govt Other 149 157 18814. Federal 1. Highways - - —
15. 2. Buildings 20 20 21
16. 3. Other - Conservation — — —
17. 4. Equipment 9 18 2818. 5. R.F.C. — — —
19. Local equipment 119 13.9 11520. Industrial machinery 1429 1624 108021. Electrical equipment 118 160 14122. Office machinery 63 47 5223. Nonresidential furniture 136 135 17324. Ships & boats 70 77 8425. Railway & transit 462 859 120826. Horse vehicles — — —
27. Aircraft 15 8 828. Professional & scientific 69 59 4529. Tools 49 58 6930. Trucks 163 264 359
31. Miscellaneous 187 225 30532. Passenger cars 120 155 25733. Tractors 62 57 5734. Machinery 256 296 33835. Horse vehicles —
36. Miscellaneous 10 16 1937. Trucks 103 73 38
38. Total 6908 8870 9203
311
1942 1943 1944 1945 1946 1947 1948 1949
1431 1510 1836 2114 2713 2872 2624 2840
78 58 86 138 123 85 87 90
1316 1070 983 1115 1671 2225 1798 18981420 1253 1075 1128 1543 2129 1629 1639
244 190 181 198 191 293 292 284
319 333 348 435 551 524 503 615
73 85 75 95 127 160 123 149
114 116 116 122 166 245 311 329211 256 276 307 364 484 498 520
29 37 76 112 223 344 409 489
398 346 405 425 690 777 635 795226 260 298 343 413 515 577 613
— 1 4 4 3 5 3 12
31 21 23 20 22 47 12 44
— — — — — 3 14 18
37 40 40 42 50 118 172 122
151 138 104 59 62 89 118 1351417 1750 1529 1742 2026 2313 2713 3199
193 202 168 178 269 316 303 308
69 90 111 142 142 187 254 332250 337 435 462 528 650 698 811
93 101 94 144 206 197 153 150691 497 935 1226 1296 764 763 676
22 18 29 48 45 938 34 41 57 83 152 129 16782 60 70 95 145 81 107 238499 494 330 487 573 806 80 130
321 289 336 377 488 308 187 208366 352 202 286 427 545 38 4456 54 65 65 42 34 37 115
341 381 417 352 201 114 146 245
27 24
1 CV! 28 37 43 36 6023 42 82 96 128 159 91 136
10566 10439 10793 12442 15548 17593 15540 17411
TABLE A.3.
ANNUAL ESTIMATES OF DEPRECIATION : 1897-1949. 
(Current Cost Basis)
ITEM 1897 1898 1899 1900 1901 1902 1903 1904 1905 1906 1907 1908 1909 1910
1. 1 - 4 family homes and
alterations etc. 327 336 345 353 360 368 378 404 404 486 441 458 471 495
2. Builders' additional profit 1 1 1 1 2 2 2 2 2 3 3 4 4 5
3. Multi-family homes 12 13 13 14 14 15 16 17 19 20 21 23 25 27
4. Commercial and Industrial Building 140 147 154 165 175 188 198 206 214 226 240 251 261 272
5. Public utility 171 182 193 205 218 231 242 263 265 319 291 314 325 341
6. Petroleum 9 9 10 11 11 12 13 14 16 17 18 20 22 23
7. Metal mining 7 8 8 9 9 10 11 11 12 13 14 15 16 16
8. Farm - residential 39 40 42 43 45 46 48 50 51 53 54 57 59 60
9. - non-residential 53 54 56 57 60 62 64 67 68 71 73 76 78 82
10. Institutional 25 27 29 30 32 34 36 39 39 50 45 38 48 50
11. Federal: Highways, Buildings,/
Conservation F 10 10 10 10 11 12 12 12 15 14 15 16 20 20
12. Fixed assets and R.F.C. plant* — — — — — — — — — 2 2 2 4 4
13. State Govt Highways — — — - - - - - - - - - 1 114. State Govt Other — — - — - - - - - - - - - 1
15. Local Govt Highways 14 15 17 18 20 22 24 28 32 35 40 44 49 54
16. Local Govt Other 24 26 28 30 33 35 38 41 44 47 51 55 60 65
17. Producer durables 380 388 402 425 447 479 510 543 575 616 667 706 737 775
18. Passenger cars - unincorporated business - - - - - 1 1 1 1 2 3 5 7 9
19. - incorporated business - - - - - - 1 1 1 1 1 2 3 5
20. Tractors - - - - - - — - - - - - - 1
21. Machinery, horse vehicles, miscellaneous 171 170 172 177 183 192 203 212 220 232 248 262 276 291
22. Trucks - - - - - - - - - - 1 1 1 1
23. Local equipment 8 8 9 10 10 11 12 13 14 15 16 17 18 20
24. Total 1391 1434 1489 1558 1630 1720 1809 1924 1992 2222 2244 2366 2485 2618
/ includes Federal equipment 
* includes R.F.C. equipment
TABLE A.3. (Cont.)
ITEM 1911 1912 1913 1914
1. 1 - 4 family homes and
alterations etc. 514 532 552 574
2. Builders' additional profit 5 6 6 7
3. Multi-family homes 29 31 33 36
4. Commercial and Industrial Building 283 294 307 317
5. Public utility 355 367 384 402
6. Petroleum 25 27 30 33
7. Metal mining 17 18 19 20
8. Farm - residential 64 65 68 71
9. - non-residential 84 87 90 93
10. Institutional 52 45 56 58
11. Federal; Highways, Buildings, /
Conservation 20 23 25 27
12. Fixed assets and R.F.C. plant * 4 6 6 8
13. State Govt Highways 1 3 3 5
14. State Govt Other 1 1 1 3
15. Local Govt Highways 60 66 71 77
16. Local Govt Other 70 75 80 85
17. Producer durables 808 850 901 949
18. Passenger cars - unincorporated business 12 15 20 25
19. - incorporated business 6 8 10 12
20. Tractors 2 5 7 10
21. Machinery, horse vehicles, miscellaneous 307 322 334 343
22. Trucks 1 1 2 3
23« Local equipment 21 23 24 25
24. Total 2741 2865 3029 3183
includes Federal equipment 
* includes R.F.C. equipment
(
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1915 1916 1917 1918 1919
577 604 629 655 673
7 8 8 9 10
38 41 43 44 48
326 338 352 365 381
406 422 439 459 468
36 39 45 54 64
21 23 25 28 30
73 76 81 85 91
96 99 105 113 122
59 53 64 68 69
27 18 30 33 34
8 9 10 12 14
7 8 9 10 12
3 5 5 6 7
85 94 105 115 127
90 93 96 99 100
989 1064 1203 1420 1645
29 38 50 60 71
15 19 25 30 35
14 18 24 40 68
346 347 352 365 385
5 7 9 11 15
27 27 27 27 26
3284 3450 3736 4137 4495
1920 1921 1922 1923 1924
728 769 814 884 964
11 12 14 16 19
51 55 62 73 85
407 425 444 469 496
494 509 522 541 566
79 93 104 116 128
32 35 36 38 40
98 102 105 107 110
132 138 141 144 149
73 77 80 83 76
38 39 37 38 41
17 20 23 25 26
16 23 33 44 58
7 9 9 11 13
144 167 190 210 230
101 102 106 115 129
1849 2007 2102 2209 2302
87 102 113 126 144
43 51 56 63 72
92 101 101 91 70
416 428 412 398 383
20 27 32 37 43
24 22 22 24 28
4959 5313 5558 5862 6172
TABLE A. 3 . (C ont.)
ITEM 1925 1926 1927 1928
1 . 1 -  4 fam ily  homes and
a l te r a t io n s  e t c . 1048 1126 1192 1264
2 . B u ild e rs ' a d d i t io n a l  p r o f i t 22 25 28 31
3 . M u lti-fam ily  homes 102 122 142 161
4 . Commercial and I n d u s tr ia l  B uild ing 526 562 597 630
5 . P u b lic  u t i l i t y 593 618 637 663
6 . Petroleum 141 157 171 182
7 . M etal mining 42 44 46 48
8 . Farm -  r e s id e n t ia l 113 116 119 122
9 . -  n o n - re s id e n t ia l 153 158 163 169
10. I n s t i t u t io n a l 94 100 107 114
11. F ed era l: Highways, B u ild in g s , /
C onservation  ^ 40 35 38 43
12. F ixed a s s e ts  and R .F.C . p la n t * 31 35 57 41
13. S ta te  Govt Highways 72 87 103 122
14. S ta te  Govt O ther 15 18 21 23
15. Local Govt Highways 252 276 300 324
16. Local Govt O ther 146 161 178 197
17. Producer durab les 2384 2496 2626 2756
18. Passenger c a rs  -  u n in co rp o ra ted  b usiness 162 178 191 203
19. -  in co rp o ra ted  business 81 89 96 102
20. T rac to rs 62 75 89 103
21. M achinery, ho rse  v e h ic le s ,  m iscellaneous 359 346 341 358
22. Trucks 50 57 64 71
23. Local equipment 54 40 46 54
24. T o ta l 6520 6921 7332 7761
/  in c lu d es  F edera l equipment 
* in c lu d es  R .F.C . equipment
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1929 1950 1931 1932 1935
1525 1575 1397 1403 1589
55 54 35 35 55
174 178 181 180 180
666 692 704 702 700
692 724 742 748 759
194 204 210 214 217
50 51 52 53 55
126 129 130 130 129
174 177 178 177 177
121 128 133 136 155
55 56 40 44 49
45 51 56 62 69
145 168 196 221 239
25 29 32 36 39
546 569 392 408 417
216 255 255 270 279
2919 3069 3105 3067 2981
213 214 201 177 151
106 107 101 88 76
119 122 116 111 104
541 343 337 321 299
78 81 79 75 71
62 71 80 87 91
8201 8587 8752 8745 8619
1934 1935 1936 1937 1938
1397 1406 1430 1461 1492
36 36 57 38 39
180 180 182 185 187
701 702 707 716 721
742 743 748 754 761
221 226 255 240 246
54 54 56 57 58
129 129 130 130 132
175 175 177 178 180
136 136 123 138 140
56 62 80 77 83
77 86 100 126 168
258 278 301 326 347
42 44 47 49 53
419 419 420 422 425
286 293 302 314 327
2915 2869 2878 2960 3037
131 113 106 115 126
66 56 53 57 63
98 96 96 98 99
275 253 247 257 267
69 67 65 64 61
93 92 90 88 87
8556 8515 8608 8850 9099
TABLE A.3. (Cont.)
ITEM 1939 1940 1941
1. 1 - 4 family homes and
alterations etc. 1533 1582 1644
2. Builders' additional profit 41 43 46
3. Multi-family homes 191 194 197
4. Commercial and Industrial Building 727 733 744
5. Public utility 770 779 788
6. Petroleum 251 250 250
7. Metal mining 59 60 62
8. Farm - residential 133 135 140
9. - non-residential 181 183 184
10. Institutional 142 143 144
11. Federal: Highways, Buildings, /
Conservation 90 97 103
12. Fixed assets and R.F.C. plant * 218 268 332
13. State Govt Highways 369 389 409
14. State Govt Other 56 59 63
15. Local Govt Highways 428 434 436
16. Local Govt Other 341 360 376
17. Producer durables 3106 3208 3377
18. Passenger cars - unincorporated business 138 154 171
19. - incorporated business 69 77 86
20. Tractors 97 102 120
21. Machinery, horse vehicles, miscellaneous 271 276 284
22. Trucks 57 55 59
23. Local equipment 86 86 85
24. Total 9354 9667 10,100
/ includes Federal equipment 
* includes R.F.C. equipment
315
1942 1943 1944 1945
1690 1720 1746 1777
47 47 48 48
199 200 201 200
744 741 742 750
797 806 803 827
253 253 257 264
64 67 69 72
143 144 147 149
188 191 195 198
145 146 146 146
110 117 123 125
492 878 1472 2158
429 445 454 460
64 66 67 69
433 428 419 404
387 393 397 400
3487 3466 3464 3559
167 139 116 95
83 70 58 47
138 151 168 185
296 306 316 339
62 61 59 56
81 75 70 67
10,499 10,910 11,537 12,395
1946 1947 1948 1949
1852 1987 2147 2308
51 55 61 66
203 209 221 237
781 817 866 912
850 890 936 986
272 285 308 336
74 76 80 84
155 167 183 198
206 223 243 257
149 157 165 178
130 136 145 160
2433 2564 2686 2803
468 484 513 554
73 79 88 98
386 371 364 365
406 416 435 465
3831 4391 5171 5942
83 96 148 242
41 48 74 121
200 229 276 333
376 439 528 628
54 60 77 100
67 69 75 83
13,141 14,248 15,790 17,456
TABLE A.4
316AM1UAL ESTIMATES (JF GROSS IMVESTHENT : 1897-1949. 
(Constant 1929 Price Basis),
ITEM 1897 1898 1899 1900 1901 1902 1903 1904 1905 1906 1907 1908 1909 1910
1. 1 - 4 family homes 724 673 742 585 821 979 1183 1229 1516 1682 1661 1539 1862 1844
2, Builders' additional profit 58 60 57 89 102 188 207 133 123 187 227 180 142 179
3.Alterations and Additions 50 48 55 44 62 77 96 100 125 141 142 133 165 165
4. Multi-family homes 46 42 44 38 73 86 118 121 152 147 146 134 185 206
5. Commercial and Industrial Building 804 715 693 938 945 1081 847 751 807 1040 1181 875 932 942
6. Public utility 1419 1004 1006 1312 1331 1516 1177 1044 1134 1462 1649 1228 1311 1319
7. Petroleum 31 32 43 49 46 50 63 65 55 59 74 78 81 82
8. Metal mining 33 34 48 51 53 60 67 57 69 79 85 60 73 76
9. Farm - residential and 
non-re sidential
377 405 397 417 451 470 452 480 463 468 459 494 535 569
10. Institutional 179 160 154 209 212 243 188 167 180 233 264 196 209 196
11. Federal Govt Highways - - - - - - - - - - - - - -
12. Federal Govt Buildings, Conservation etc. 70 69 66 79 75 75 91 112 144 165 191 224 217 208
13. Fixed assets - Govt Agencies - - - - - - - - - 7 6 2 2 -
14. Reconstruction Finance Corporation plant - - - - - - - - - - - - - -
15. State Govt Highways - - - - - 2 3 5 3 1 3 8 13 17
16. State Govt Other - - - 3 3 3 5 8 5 2 6 11 18 24
17. Local Govt Highways 71 77 73 75 78 111 146 179 164 146 183 194 182 201
18. Local Govt Other 296 298 307 318 369 311 406 397 396 389 446 568 499 513
19. Producer durables 1089 1111 1403 1674 1701 1928 2239 1843 2220 2787 2906 1835 2056 2431
20. Passenger cars - unincorporated business - - — - 1 1 1 1 1 2 3 4 7 11
21. - incorporated business - - — - — - - 1 1 1 1 2 4 5
22. Tractors — - - — — — — - — — — — 1 4
23t Machinery, horse vehicles, miscellaneous 303 389 406 380 434 542 458 485 489 548 549 531 597 580
24. Trucks - - - - - - - - - - — — 1 2
25. Federal equipment 3 2 2 2 2 2 2 4 4 4 4 4 4 4
26. R.F.C. equipment - - - - - - - - - — — - - -
27. Local equipment 31 28 28 32 34 30 42 39 40 44 50 64 54 57
28. Total 5584 5146 5524 6295 6793 7755 7791 7221 8093 9594 10236 8364 9150 9635
TABLE A.4. (Cont.)
ITEM 1911 1912 1913 1914
1. 1 - 4 family homes 1731 1840 1908 1720
2. Builders' additional profit 213 225 266 228
3. Alterations and Additions 158 169 175 161
4. Multi-family homes 193 206 212 235
5. Commercial and Industrial Building 869 987 1178 893
6. Public utility 1182 1373 1673 1231
7» Petroleum 85 101 136 131
8. Metal mining 72 85 88 76
9. Farm - residential and 
nonresidential
539 584 572 580
10. Institutional 189 219 268 197
11. Federal Govt Highways - - - -
12. Federal Govt Buildings, Conservation etc. 209 215 215 221
13. Fixed assets - Govt Agencies - 6 8 6
14. Reconstruction Finance Corporation plant - - - -
15. State Govt Highways 18 28 40 63
16. State Govt Other 28 40 61 81
17. Local Govt Highways 232 220 211 243
18. Local Govt Other 568 537 540 566
19. Producer durables 2109 2683 3020 2264
20. Passenger cars - unincorporated business 11 20 25 32
21. - incorporated business 6 10 13 16
22. Tractors 5 10 7 15
23« Machinery, horse vehicles, miscellaneous 589 637 630 578
24. Trucks 3 5 6 10
25. Federal equipment 11 9 11 13
26. R.F.C. equipment - - - -
27. Local equipment 59 58 58 59
28. Total 9079 10267 11321 9619
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1915 1916 1917 1918 1919 1920 1921 1922 1923 1924
1697 1816 1356 897 1615 1306 1709 2986 3588 4090
262 254 189 139 141 147 194 228 213 237
159 170 129 86 156 128 168 296 463 548
256 245 163 66 179 145 190 407 569 664
785 1029 1017 775 996 1517 1427 1460 1603 1589
1049 1097 1020 776 724 761 627 982 1354 1506
113 170 229 259 224 301 236 262 264 266
91 120 153 145 84 100 69 79 104 81
575 724 825 728 857 597 330 420 465 445
169 201 191 150 163 90 154 242 260 292
- - - 1 3 3 2 3 2 7
183 117 95 79 69 60 67 55 65 80
2 7 5 25 83 4 -26 -5 - 11
60 34 24 27 61 92 167 226 238 295
97 82 60 44 31 21 51 86 92 110
339 361 334 251 323 350 517 510 370 479
472 192 177 169 32 31 80 421 529 862
2133 3232 3833 3750 2902 3123 2374 2808 3730 3468
46 81 89 62 85 97 85 129 188 175
23 40 45 31 42 49 42 64 94 88
22 28 57 116 154 194 85 129 146 126
489 491 546 488 570 618 219 251 346 278
17 22 26 21 30 57 49 57 57 83
5 3 3 3 5 11 10 6 8 7
45 26 18 16 3 4 8 48 65 107
9089 10542 10584 9104 9529 9806 8832 12147 14813 15894
TABLE A.4. (Cont.)
ITEM 1925 1926 1927 1928
1. 1 - 4 family homes 4272 4099 3684 3441
2. Builders' additional profit 260 279 303 328
3. Alterations and Additions 576 557 379 358
4. Multi-family homes 674 1024 1101 966
5. Commercial and Industrial Building 1986 2410 2402 2397
6. Public utility 1465 1569 1643 1531
7. Petroleum 315 343 278 245
8. Metal mining
9. Farm - residential and
80 89 79 76
non-residential 470 451 549 514
10. Institutional 360 373 402 384
11. Federal Govt Highways 8 8 8 18
12. Federal Govt Buildings, Conservation etc. 90 62 67 79
13. Fixed assets - Govt Agencies 15 5 4 38
14. Reconstruction Finance Corporation plant - - - -
15. State Govt Highways 319 337 387 476
16. State Govt Other 125 125 125 130
17. Local Govt Highways 533 570 626 641
18. Local Govt Other 889 676 1028 987
19. Producer durables 3682 3957 3700 3861
20. Passenger cars - unincorporated business 218 243 205 223
21. - incorporated business 109 121 102 111
22. Tractors 156 154 190 122
23. Machinery, horse vehicles, miscellaneous 328 364 349 368
24. Trucks 92 107 100 105
25. Federal equipment 7 7 9 17
26. R.F.C. equipment - - - -
27. Local equipment 107 82 124 119
28. Total 17336 18012 17836 17535
318
1929 1930 1931 1932 1933 1934 1935 1936 1937 1938
2438 1415 1316 636 383 477 875 1341 1456 1584
340 313 195 138 190 241 311 350 342 306
254 99 92 45 28 35 63 M7 160 175
648 231 179 34 33 25 55 149 179 156
2479 1961 1009 522 484 485 469 662 969 658
1681 1684 1120 617 374 414 445 606 772 674
302 282 167 255 172 228 264 321 410 369
85 69 51 37 40 49 52 67 75 53
476 312 180 81 105 126 239 299 358 310
371 368 284 170 59 50 64 102 118 122
46 68 53 140 132 no 97 113 97 82
90 119 205 258 234 270 365 359 318 319
25 14 51 62 40 53 133 372 849 767
584 748 829 788 525 521 607 707 677 713
140 172 220 218 158 137 148 142 121 163
624 780 737 657 287 139 174 210 271 291
921 1092 995 801 430 407 491 589 666 656
4672 3846 2674 1599 1575 2076 2626 3582 4093 3015
243 163 118 66 85 106 163 211 203 117
122 82 59 33 42 53 82 106 102 58
181 162 79 35 34 91 174 236 296 222
390 326 181 91 100 149 243 309 393 349
102 69 33 19 34 64 72 93 91 47
25 31 32 31 32 34 68 89 61 41
111 136 123 93 53 51 61 75 86 85
17350 14542 10982 7426 5629 6391 8341 11237 13163 11332
TABLE A.4. (Cont.)
ITEM 1939 1940 1941 1942
1. 1 -  4 fam ily  homes 2150 2402 2666 1186
2. B u ild e rs ' a d d itio n a l p ro f i t 326 329 342 194
3 . A lte ra tio n s  and Additions 241 269 301 180
4. M ulti-fam ily  homes 237 181 170 90
5. Commercial and In d u s tr ia l  Building 665 856 1190 460
6. Public  u t i l i t y 755 838 892 740
7 . Petroleum 359 377 375 251
8. Metal mining 65 79 93 99
9. Farm -  re s id e n t ia l  and 
n o n res id en tia l
384 426 493 363
10. In s t i tu t io n a l 113 134 149 72
11. Federal Govt Highways 12 8 8 -
12. Federal Govt B uild ings, Conservation e tc . 365 378 391 357
13. Fixed a sse ts  -  Govt Agencies 152 -179 370 1291
14. R econstruction Finance Corporation p la n t - 9 106 580
15. S ta te  Govt Highways 708 722 614 396
16. S ta te  Govt Other 187 144 106 83
17. Local Govt Highways 365 517 277 144
18. Local Govt Other 821 1061 612 402
19* Producer durables 3478 4508 5467 3468
20. Passenger cars  -  unincorporated business 165 209 231 15
21. -  incorporated  business 82 104 115 7
22. T ractors 244 304 378 319
23 . Machinery, horse v eh ic les , m iscellaneous 314 377 493 504
24. Trucks 68 71 88 -
25. Federal equipment 65 72 66 133
26. R .F.C. equipment - 3 141 836
27. Local equipment 106 134 79 52
28. T otal L2427 14333 16213 12222
319
1943 1944 1945
525 412 505
132 167 241
80 64 78
72 36 26
170 229 677
498 651 735
275 402 433
104 103 88
353 319 282
19 37 68
- 12 34
370 138 115
2962 1341 890
543 108 48
253 201 202
60 51 73
81 63 82
252 173 211
2865 3988 5414
16 7 4
8 3 2
180 407 333
365 554 651
19 26 15
111 65 63
1275 330 177
33 23 29
11621 9910 10903
1946 1947 1948
2063 2747 3325
365 388 439
322 431 525
111 180 293
1929 1472 1478
1105 . 1605 1890
406 410 511
76 94 102
817 945 963
186 228 313
40 55 121
182 213 279
152 -138 -291
351 554 684
153 233 272
125 208 248
312 451 660
7949 8732 9125
153 254 281
76 127 141
422 627 799
727 938 1013
65 113 141
124 108 141
46 65 99
18257 21040 23502
1949
3234
404
514
400
1203
2083
522
982
8242
375
188
757
936
146
118
114
23767
TABUS A. 5 320
AKMJAL ESTIMATES OF REPLACEMENT : 1897-1949.
(Constant 1929 Price Basis).
r a  1897 1898 1899 1900 1901 1902 1903 1904 1905 1906 I9Ö7 19Ö8 1909 1910
1. 1 - 4 family homes, alterations
and profits
2. Multi-family
3. Industrial and Commercial
4. Public utility
5. Institutional
6. Petroleum
7. Metal mining
8. Farm - residential
9. - non-residential
10. State Govt Highways
11. State Govt Other
12. Local Govt Highways
13. Local Govt Other
14. Federal - 1. Highways
15» 2. Buildings
16. 3« Conservation
17» 4. Equipment
18. 5. R.F.C.
19» Local equipment
20. Industrial machinery
21. Electrical equipment
22. Office machinery
23. Nonresidential furniture & equipment
24. Ships & boats
25. Railway and transit
26. Horse vehicles
27. Aircraft
28. Professional and scientific
29. Tools
0. Trucks1. Miscellaneous
32. Passenger cars
33. Tractors
34. Machinery35. Horse-drawn vehicles
36. Miscellaneous
37. Trucks
38. Total
122 125 157 144 157 203 239
78 76 79 72 81 85 9962 71 69 74 77 86 8810 10 10 14 14 13 16
23 15 14 18 18 17 17
3 3 3 3 3 3 5
24 24 24 24 27 28 37
58 59 57 58 63 65 75
6 8 8 9 11 12 14
8 8 8 8 8 8 8
4 4 4 8 4 8 8
2 2 "*2 2 ~2 2 _2
7 9 8 10 10 12 12
184 192 210 261 264 299 296
14 16 17 20 18 16 26
58 67 71 65 74 76 96
13 11 12 12 18 21 2565 81 85 70 63 75 8522 25 29 29 28 25 25
2 4 4 4 4 5 5
23 21 17 20 20 18 20
119 122 107 103 116 122 112
164 169 188 203 210 215 23236 41 42 43 41 38 35
74 71 67 72 76 74 78
1181 1234 1292 1346 1407 1526 1655
273 283 281 296 276 278 279
115 120 125 120 116 132 90
93 103 107 112 104 108 98
15 18 17 17 18 19 18
15 13 13 13 13 19 236 5 7 7 7 7 8
37 39 38 46 45 53 52
84 83 90 90 77 66 65
16 15 17 16 18 20 22
11 11 11 14 15 16 19
11 18 14 21 21 16 11
— _ — — — 4 42 2 2 2 2 2 2
15 16 20 20 22 31 28296 287 339 350 359 400 402
— 1 2 2 2 2 4
32 21 22 26 37 35 43
98 106 112 116 118 127 130
35 31 28 34 38 37 46
79 88 79 102 122 169 183
23 22 23 25 24 31 31
5 5 8 5 4 6 8
23 25 27 32 34 33 35
— — — — — 1 1120 121 131 135 157 154 164
- - - - 1 1 2
220 235 200 198 201 184 18834 37 39 51 47 55 4782 83 84 95 99 102 102
1740 1788 1836 1946 1977 2108 2105
TABLE A.5. (Cont.)
ITEM 1911 1912 1913 1914
1 - 4  family homes, alterations 
and profits 299 300 305 338
2. Multi-family - - - —
3. Industrial and Commercial 71 172 233 1464. Public utility 113 122 141 1635. Institutional 19 20 22 256. Petroleum 22 18 20 26
7. Metal mining 9 11 11 118. Farm - residential 57 54 56 579. - non-residential 66 75 81 9010. State Govt Highways - - - -
11. State Govt Other - - — —
12. Local Govt Highways 24 26 30 3113. Local Govt Other 20 18 18 1514. Federal - 1. Highways - — - —
15. 2. Buildings 8 4 3 216. 3. Conservation 4 4 4 417. 4. Equipment 2 2 2 2
18. 5. R.F.C. — — — -
19. Local equipment 28 32 34 3020. Industrial machinery 442 474 445 36521. Electrical equipment 4 6 8 1122. Office machinery 48 38 53 75
23. Monresidential furniture & equipment 134 149 140 116
24. Ships & boats 58 55 50 4125. Railway and transit 268 255 177 17926. Horse vehicles 30 29 32 3527. Aircraft — —
28. Professional and scientific 8 10 11 829. Tools 40 46 32 4330. Trucks 1 1 1 131. Miscellaneous 177 204 230 226
32. Passenger cars 2 3 4 633» Tractors — «. 134. Machinery 148 191 272 28035» Horse-drawn vehicles 47 51 54 5736. Miscellaneous 110 123 133 12937. Trucks - - -
38. Total 2259 2493 2602 2513
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1915 1916 1917 1918 1919 1920 1921 1922 1923 1924
388 354 374 395 394 432 486 484 443 416
- - — — 3 3 7 18 25 23161 147 132 92 134 185 318 300 359 372
167 173 167 164 186 138 101 241 327 205
33 27 26 27 29 21 15 39 52 3345 44 31 32 43 49 46 50 63 6510 11 11 12 14 14 20 21 21 2158 60 59 73 78 77 88 86 76 66112 118 127 140 155 172 176 173 171 162
33 38 41 46 51 58 61 71 77 7316 15 18 20 23 27 26 27 30 34
4 4 7 9 9 15 14 16 23 274 4 4 4 4 - - - - -2 4 4 4 4 4 4 4 11 9
42 39 40 44 50 64 54 57 59 58
537 671 438 434 556 732 702 806 939 705
14 16 16 18 18 29 34 32 25 2178 56 71 85 70 86 100 86 95 135
141 151 152 134 150 149 171 183 200 198
27 25 38 48 53 53 59 55 54 40266 304 264 249 271 279 329 156 183 255
35 28 28 32 28 25 26 28 29 33£
12 16 15 12 17 17 16 18 21 29
45 39 45 51 48 54 77 77 103 79
3 5 10 19 19 12 26 45 83 178219 214 210 184 233 200 271 262 300 21411 16 17 30 38 48 69 121 134 93
4 5 10 7 15 22 28 48 54 58259 298 400 312 333 334 385 371 349 41564 50 51 55 57 55 46 40 34 35
119 118 122 118 121 77 91 118 104 105
- - - - 1 2 3 5 6 10
2919 3050 2928 2850 3206 3833 3837 4026 4450 4219
TABLE A. 5. (Cont.)
ITEM 1925 1926 1927 1928
1# 1 -  4 fam ily homes, a l te ra t io n s
and p r o f i t s 418 411 403 413
2 . M ulti-fam ily 23 13 25 15
3 . In d u s tr ia l  and Commercial 325 406 485 498
4 . Public  u t i l i t y 226 208 184 129
5« I n s t i tu t io n a l 35 33 28 20
6» Petroleum 55 59 74 78
7 . Metal mining 20 22 24 26
8 . Farm -  r e s id e n tia l 61 62 71 78
9« -  non-resid e n ti a l 133 118 105 98
10. S ta te  Govt Highways — - 2 3
11. S ta te  Govt Other — — — —
12. Local Govt Highways 75 78 I l l 146
13. Local Govt Other 42 46 56 62
14. Federal -  1 . Highways - - - -
15. 2 . Buildings 31 22 20 15
16. 3» Conservation 4 — - -
17. 4. Equipment 11 13 5 3
18» 5# R.F.C# — — — -
19. Local equipment 58 59 4 5 26
20. In d u s tr ia l  machinery 875 1108 1072 751
21. E le c tr ic a l  equipment 34 38 35 45
22. O ffice Machinery 155 141 104 142
23. N onresiden tia l fu rn itu re  & equipment 225 251 218 185
24. Ships & boats 54 49 49 79
25. Railway and t r a n s i t 227 263 349 392
26. Horse veh icles 32 24 13 tmm
27. A irc ra f t 6 5 7 8
28. P ro fessiona l and s c ie n t i f ic 33 32 45 71
29. Tools 79 76 70 82
30. Trucks 155 170 102 195
31. M iscellaneous 214 205 232 276
32. Passenger cars 127 146 127 193
33. T ractors 61 65 74 76
34. Machinery 404 417 463 466
35. Horse-drawn veh icles 58 55 55 —
36. M iscellaneous 147 27 49 43
37. Trucks 17 22 26 21
38. Total 4429 4644 4728 4635
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1929 1930 1931 1932 1933 1934 1935 1936 1937 1938
457 473 487 794 677 681 693 817 919 1020
17 41 38 81 78 93 60 56 61 71
487 700 656 929 770 677 697 603 804 715
187 257 445 418 503 521 453 568 678 699
29 42 72 67 79 84 72 90 109 111
81 82 85 101 136 131 113 170 229 259
26 29 29 33 29 26 31 32 33 34
88 106 114 120 132 149 166 170 164 167
88 83 102 118 138 153 170 189 177 185
5 3 1 3 8 13 17 18 28 40
179 164 146 183 194 182 201 232 220 211
67 69 73 78 85 93 104 112 122 132
1 5 17 17 13 14 14
A
14
A
11 14 14
3 3 5 11 10
4
6
4
8 7 7 7
18 16 3 4 8 48 65 107 107 82
905 1038 873 1011 1110 880 910 1402 1710 1601
71 86 87 105 128 98 109 157 161 112
85 108 133 133 146 147 150 156 154 107
226 217 186 188 168 158 134 156 200 155
77 100 133 124 126 108 110 105 125 63
376 459 566 468 604 822 951 366 333 524
8 8 13 15 38 41 18 11 1 11
42 51 40 48 53 57 63 73 75 78
77 79 78 76 95 88 69 79 33 39
298 284 312 282 239 262 458 360 280 151
203 281 309 304 283 349 323 265 191 181
282 263 327 364 307 334 365 245 177 99
85 92 . 94 119 136 116 113 111 114 80
417 379 367 381 347 428 471 192 202 303
25 32 30 30 25 23 20 11 5 7
30 57 49 57 57 83 92 107 100 105
4954 5619 5870 6658 6723 6869 7155 6978 7533 7363
TAKLE A.q. (Cont.)
ITEM 1939 1940 1941
1. 1 -  4 fam ily homes, a l te ra t io n s
and p ro f i ts 981 1045 1208
2 . M ulti-fam ily 79 72 70
3 . In d u s tr ia l  and Commercial 693 938 945
4 . Public  u t i l i t y 682 1226 919
5. I n s t i tu t io n a l 109 180 147
6 . Petroleum 224 301 236
7 . Metal mining 48 51 53
8. Farm -  re s id e n tia l 153 128 115
9. n o n -re s id en tia l 169 177 164
10. S ta te  Govt Highways 63 60 34
11. S ta te  Govt Other — - —
12. Local Govt Highways 243 339 361
13. Local Govt Other 144 149 169
14. Federal -  1. Highways - - -
15. 2 . Buildings 19 19 19
16. 3« Conservation - - -
17. 4 .Equipment 9 17 25
18. 5. R.F.C. - - -
19. Local equipment 124 119 I l l
20. In d u s tr ia l  machinery 1358 1525 977
21. E le c tr ic a l  equipment 134 175 146
22. O ffice machinery 75 55 61
23.  N onresiden tia l fu rn itu re  & equipment 153 1 47 172
24. Ships and boats 70 74 76
25. Railway and t r a n s i t 451 815 1073
26. Horse veh ic les — — —
27. A irc ra f t 18 9 8
28. P ro fessiona l and s c ie n t i f ic 91 77 56
29. Tools 47 56 66
30. Trucks 184 286 375
31. M iscellaneous 205 240 302
32. Passenger cars 127 159 245
33. T ractors 76 75 71
34. Machinery 253 296 334
35. Horse-drawn veh icles — — —
36. M iscellaneous 10 16 19
37. Trucks 102 69 33
38. T otal 7094 8895 8590
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1942 1943 1944 1945 1946 1947 1948 1949
1236 1246 1390 1500 1737 1517 1246 1391
68 48 66 99 80 46 42 44
1081 847 751 807 1040 1181 875 932
1305 1082 950 978 1195 1419 1004 1006
208 156 139 143 125 163 145 140
262 264 266 315 343 278 245 302
60 67 57 69 79 85 60 73
102 92 84 81 99 113 132 148
192 207 202 214 230 240 231 245
24 27 61 92 167 226 238 295
334 251 323 350 517 510 370 479
190 210 234 262 279 296 298 307
— 1 3 3 2 3 2 7
26 17 18 15 15 27 6 22
— — — — — 2 7 9
31 32 31 32 34 68 89 61
136 123 93 53 51 61 75 86
1263 1572 1381 1574 1683 1571 1705 2031
190 190 158 163 218 228 210 208
74 95 117 148 130 136 169 233
221 302 384 407 435 456 444 514
76 78 70 103 137 122 95 91
562 386 726 952 871 481 452 387
21 17 27 45 37 ~6 . .
37 33 39 54 69 100 78 106
73 54 63 85 122 59 71 148
499 493 319 429 471 590 52 84
303 268 310 344 391 196 109 128
317 305 175 247 313 346 22 24
70 71 74 70 48 35 34 91
318 343 367 306 169 85 93 139
25 22 20 24 31 32 23 34
19 34 64 72 93 91 47 68
9323 8933 8962 10036 11211 10769 8667 9833
TABLE A. 6 324ANNUAL ESTIMATES OF DEPRECIATION ; 1897 - 1949. 
(Constant 1929 Price Basis)
ITEM 1897 1898 1899 1900 1901 1902 1903 1904 1905 1906 1907 1908 1909 1910
1. 1 - 4 family homes, alterations etc.
2. Builders' additional profit
737 755 772 785 801 815 852 888 883 1034 949 980 1001 10422 2 2 2 4 4 5 5 5 6 6 8 8 10
3. Multi-family 28 28 29 30 51 55 56 58 41 44 47 50 55 57
4. Commercial and Industrial 302 318 553 355 376 401 420 456 453 476 503 522 542 565
5. Public utility 355 376 398 418 445 469 489 528 530 630 586 615 629 658
6. Petroleum 20 21 22 24 25 27 29 51 35 36 38 41 44 48
7. Metal mining
8. Farm - residential and
16 17 18 19 20 21 25 24 26 27 29 51 52 54
non-residential 209 215 222 228 236 242 250 256 262 268 274 282 288 298
9. Institutional 58 61 65 69 73 76 79 88 86 109 95 78 101 90
10. Federal Govt Highways - - - - - - - - - - - - - -
11.Fixed assets - - - - - - - - - - - - - —
12. State Govt Highways - - - - - - - - 1 1 1 1 2 2
13. State Govt Other — - - - - - - - 1 1 1 1 1 2
14. Local Govt Highways 28 31 53 36 59 42 48 54 60 65 72 79 86 95
15. Local Govt Other 71 76 82 89 96 102 110 117 125 153 141 152 162 172
16. Producer durables 901 913 942 986 1042 1100 1171 1236 1301 1386 1488 1565 1623 1694
17. Passenger cars - unincorporated business - - - - - 1 1 1 1 1 1 2 5 4
18. - incorporated business - - - - - - - - - - 1 1 1 2
19. Tractors - - - - - - - - - - - - - 1
20. Machinery, horse vehicles, miscellaneous 511 316 324 531 558 550 366 378 390 406 425 445 463 485
21. Trucks - - - - - - - - - - - - - -
22. Local equipment 16 17 19 20 22 24 26 28 30 32 54 57 59 42
23. R.F.C. plant - - - - - - - - - - - - - -
24. R.F.C. equipment ,
25. Federal - Buildings, Conservation, etc. "
- - - - - - - - - - - - - —
14 14 14 15 15 16 16 17 1 8 20 22 24 26 28
26. Total 3068 3160 3275 3407 5565 5723 3901 4125 4246 4675 4715 4909 5104 5525
/ includes Federal equipment
TABLE A.6. (Cont.)
ITEM 1911 1912 1913 1914
1. 1 - 4  family homes, alterations etc. 1081 1108 1145 1186
2. Builders' additional profit 10 12 12 13
3. Multi-family 61 65 70 74
4. Commercial and Industrial 585 605 629 648
5. Public utility 681 700 728 758
6. Petroleum 51 54 59 65
7. Metal mining
8. Farm - residential and
36 37 39 41
non-re sidential 307 315 324 332
9. Institutional 108 91 115 120
10. Federal Govt Highways - - - -
11. Fixed assets - 1 1 1
12. State Govt Highways 3 4 6 8
13« State Govt Other 2 3 4 6
14. Local Govt Highways 101 109 116 125
15. Local Govt Other 183 193 204 215
16. Producer durables 1755 1817 1888 1948
17. Passenger cars - unincorporated business 5 8 11 15
18. - incorporated business 3 4 6 8
19. Tractors 2 3 5 7
20. Machinery, horse vehicles, miscellaneous 503 521 535 542
21. Trucks — — - —
22. Local machinery 44 47 49 51
23. R.F.C. plant - - - -
24. R.F.C. equipment ,
25. Federal - Buildings, Conservation, etc.
- - - -
31 33 35 37
26. Total 5552 5730 5981 6200
j6 includes Federal equipment
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1915 1916 1917 1918 1919
1188 1231 1257 1278 1283
13 15 16 17 19
79 84 88 89 92
6 6 3 685 707 725 746
766 787 805 822 820
69 74 82 93 1 0 3
43 45 48 51 54
341 349 361 372 383
122 105 128 131 1 3 2
1 1 1 2 3
11 12 13 14 16
8 10 11 12 12
137 150 161 170 181
224 227 2 3 0 234 234
1991 2061 2181 2333 2456
21 30 43 53 61
10 15 21 26 30
10 14 21 37 61
543 540 538 535 535
51 50 48 46 43
38 39 40 41 41
6329 6524 6800 7081 7306
1920 1921 1922 1923 1924
1314 1362 1413 1470 1547
20 21 24 27 31
95 99 107 118 130
779 807 8 3 6 867 898
837 8 6 4 879 896 918
114 125 135 145 155
56 57 59 60 62
392 397 3S7 403 406
135 141 143 147 170
- - - 1 1
3 3 3 3 3
20 27 36 45 57
13 14 15 17 18
192 210 228 240 256
234 235 243 253 269
2546 2606 2646 2723 2811
71 80 87 99 117
36 40 44 50 58
83 92 94 91 77
542 536 504 479 454
1 2 2 2 3
38 34 33 34 38
41 41 41 40 40
7562 7793 7969 8210 8519
TABLE A . 6 .  ( C o n t . )
ITEM 1925 1926 1927 1928
1. 1 -  4 fam ily homes, a l te ra t io n s  e tc . 1631 1702 1765 1837
2. B u ild e rs ' ad d itio n a l p ro f i t 36 38 42 46
3 . M ulti-fam ily 147 168 189 208
4« Commercial and In d u s tr ia l 939 989 1037 1085
5 . Public  U t i l i ty 945 971 994 1020
6 . Petroleum 167 180 193 202
7 . Metal mining
8 . Farm -  r e s id e n t ia l  and
64 65 67 68
n o n -re s id en tia l 411 415 422 429
9 . In s t i tu t io n a l 159 164 170 178
10. Federal Govt Highways 1 1 2 3
11. Fixed a sse ts 5 3 3 4
12. S ta te  Govt Highway 70 83 99 110
13. S ta te  Govt Other 21 23 26 29
14. Local Govt Highway 274 294 315 334
15. Local Govt Other 286 299 318 337
16. Producer durables 2902 3000 3100 3194
Passenger cars -  unincorporated business 137 161 183 201
18. -  incorporated  business 69 80 91 100
19. T ractors 76 91 109 124
20. Machinery, horse v e h ic le s , m iscellaneous 421 397 384 369
21 . Trucks 4 5 7 9
22. Local machinery 42 44 51 58
23. R.F.C. p lan t - - - -
24. R.F.C. equipment ,
25. Federal -  B uild ings, Conservation, e tc ."
- - - -
59 39 39 38
26. T otal 8844 9212 9606 9983
includes Federal equipment
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1929 1930 1931 1932 1933
1895 1941 1967 1980 1953
47 49 50 50 50
221 225 227 226 226
1134 1166 1175 1165 1157
1049 1083 1101 1111 1096
212 221 226 229 232
70 71 72 71 72
436 439 440 437 436
185 193 197 200 200
4 7 9 15 20
5 5 5 5 5
133 I 63 196 227 248
31 35 39 44 47
352 377 400 419 423
354 374 393 407 414
3326 3440 3464 3410 3307
213 217 207 185 159
107 108 104 92 80
139 144 138 131 120
361 330 322 306 288
10 11 12 11 10
66 76 86 94 97
— 1 3 5
J.
7
38 38 39 40 41
10388 10714 10872 10861 10689
1934 1935 1936 1937 1938
1954 1962 1984 2004 2026
51 52 53 54 54
224 224 226 228 230
1153 1147 1148 1153 1151
1091 1088 1091 1092 1093
234 237 241 246 249
72 73 74 75 75
432 422 428 428 428
198 198 184 199 199
24 28 33 37 40
6 6 8 12 16
268 292 319 345 372
49 52 55 58 61
421 420 419 421 425
420 428 438 448 459
3222 3161 3155 3222 3285
140 123 121 132 143
70 62 60 66 72
110 105 103 104 105
270 254 250 260 268
9 9 10 12 14
98 97 95 93 93
1 2 5 10 15
9 15 31 69 101
40 40 40 40 40
10566 10497 10571 10808 11014
TABLE A.6. (Cont.)
ITEM 1939 1940 1941
1. 1 - 4 family homes, alterations etc. 2058 2094 2137
2. Builders' additional profit 55 58 60
3. Multi-family 233 235 237
4. Commercial and Industrial 1150 1148 1155
5. Public utility 1094 1093 1092
6. Petroleum 252 254 256
7. Metal mining
8. Farm - residential and
76 76 77
non-residential 428 429 431
9. Institutional 201 199 200
10. Federal Govt Highways 41 41 41
11. Fixed assets 17 16 19
12. State Govt Highways 398 424 448
13. State Govt Other 65 68 70
14. Local Govt Highways 430 437 433
15. Local Govt Other 472 491 500
16. Producer durables 3350 3444 3582
17. Passenger cars - unincorporated business 154 169 183
18. - incorporated business 77 85 92
19. Tractors 106 115 138
20. Machineiy, horse vehicles, miscellaneous 272 276 284
21. Trucks 15 15 17
22. Local machinery 92 93 90
23. R.F.C. plant 16 17 21
24. R.F.C. equipment ,
25. Federal - buildings, Conservation, etc.
108 101 128
41 43 44
26. Total 11201 11421 11735
ji includes Federal equipment
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1942 1943 1944 1945
2161 2169 2169 2169
63 64 64 64
238 238 238 236
1139 1122 1109 1106
1086 1079 1076 1073
255 253 253 255
78 79 80 81
434 434 436 436
198 195 194 192
41 41 42 43
33 56 65 71
463 472 477 482
71 73 74 75
426 419 409 398
504 505 503 502
3640 3558 3506 3545
173 141 116 93
86 70 58 47
161 177 197 216
296 303 310 327
22 32 44 53
83 76 70 68
37 66 77 83
247 462 545 599
44 47 48 51
1946 1947 1948 1949
2192 2239 2292 2353
62 64 66 66
237 240 246 252
1128 1135 1150 1157
1074 1084 1095 1114
256 256 261 269
81 81 82 83
440 451 462 473
191 192 194 198
44 46 51 56
72 71 69 69
489 502 520 541
78 83 88 95
382 370 365 362
503 506 513 527
3719 4036 4466 4893
75 73 97 149
38 36 48 75
233 265 310 358
356 403 462 518
56 53 46 38
67 68 70 72
84 83 81 81
605 592 566 528
51 51 51 51
11979 12131 12160 12265 12513 12980 13651 14378
TABLE A.7 .
ANNUAL ESTIMATES OF GROSS CAPITAL STOCK : 1896 -  1949. 
(C onstan t 1929 P r ic e  B a s is ) .
ITEM 1949 1948 1947 1946 1945 1944 1943 1942 1941 1940 1939 1938 1937 1936
1 . A lte ra t io n s  and a d d itio n s 8242 7979 7679 7480 7369 7390 7451 7585 7616 7487 7337 7153 7027 6912
2 . 1 -  4 fam ily  homes, a l t e r a t io n s ,  e t c . 113936 111238 108495 106645 105743 106398 107084 107459 107104 105132 103327 101775 100856 99932
3 . M u lti-fam ily
4 . Commercial and I n d u s tr ia l
12586
46289
12230
46018 m 1184545124 1181444235 m 1189345564 m m 1166246022 m m 1130145942
5 . P u b lic  u t i l i t y 56225 55148 54262 54076 54166 54409 54708 55292 55857 55884 56272 56199 56224 56130
6 . Petroleum 6789 6569 6303 6171 6108 5990 5854 5843 5854 5715 5639 5504 5394 5213
7 . M etal m ining 3314 3301 3259 3250 3253 3234 3188 3151 3112 3072 3044 3027 3008 2966
8 . Farm -  r e s id e n t ia l 13302 13018 12708 12384 12105 12084 12047 11990 11906 11734 11605 11565 11588 11580
9 . -  n o n - re s id e n t ia l 11524 11279 10989 10721 10512 10546 10550 10552 10567 10525 10533 10511 10530 10521
10 . I n s t i t u t io n a l 10038 9768 9600 9535 9474 9549 9651 9788 9924 9922 9968 9964 9953 9944
11 . F ed era l -  1 . Highways 1497 1277 1158 1106 1068 1037 1028 1029 1029 1021 1013 1001 919 822
12. 2 . B uild ings 2350 2337 2322 2337 2339 2338 2316 2224 2188 2133 2068 2022 2006 2002
13. 3 . C onservation 7799 7482 7231 7032 6863 6764 6636 6405 6110 5992 5497 5197 4908 4608
14. 4 . Fixed a s s e ts 9107 9123 9414 9552 9400 8510 7169 4207 2916 2546 2725 2573 1806 957
15. 5. R .F.C . p la n t 1394 1394 1394 1394 1394 1346 1238 695 115 9 - - - -
16. S ta te  Govt Highways 13737 13198 12752 12424 12240 12130 11990 11764 11392 10812 10150 9505 8832 8183
17. S ta te  Govt O ther 4792 4458 4186 3953 3800 3727 3676 3616 3533 3427 3283 3096 2933 2812
18* Local Govt Highways 9041 9129 9251 9553 9945 10213 10473 10643 10833 10917 10739 10617 10537 10486
19. Local Govt O ther 26353 25678 25316 25161 25128 25179 25240 25198 24986 24543 23631 22954 22430 21886
20. I n d u s t r ia l  m achinery 58011 51800 44380 37219 30953 29916 29404 29538 29109 27794 27434 27387 27735 27745
21. E le c t r i c a l  Equipment 9132 9340 9550 9778 9996 9511 9116 9063 8893 8374 7940 7676 7472 7167
22. O ffice  m achinery 736 969 1138 1274 1404 1308 1242 1211 1102 930 816 755 732 738
23. Nonresid e n ti a l  f u r n i tu r e ,  e t c . 4730 5244 5688 6144 6579 6680 6815 6869 6794 6544 6319 6150 6007 5861
24. S hips and boats 2540 2631 2724 2846 2983 2880 2752 2589 2474 2375 2309 2292 2234 2294
25. Railway and t r a n s i t 7349 7736 8188 8669 9540 10198 10625 10788 10975 11637 12117 12373 12737 12692
26 . Horse v e h ic le s — — — — — — — — — — — — — —
27. A irc ra f t 11 11 11 17 54 88 115 132 147 118 82 73 67 47
28. P ro fe s s io n a l and s c i e n t i f i c 627 733 811 911 980 901 822 781 752 679 649 634 634 609
29. Tools 140 288 359 418 540 485 400 383 397 341 312 296 281 241
30. Trucks 825 909 961 1551 2022 1845 1945 2354 2801 2586 2401 2156 1988 1775
31 . M iscellaneous 215 343 452 648 1039 1168 1350 1509 1616 1527 1423 1318 1231 1119
32 . Cars 1611 1072 672 637 721 962 1127 1408 1703 1602 1448 1328 1252 1124
33» T rac to rs 5698 5032 4267 3675 3301 3038 2705 2596 2347 2040 1811 1643 1501 1325
34. Machinery 7866 7103 6215 5395 4860 4537 4368 4360 4193 4052 3986 3938 3907 3735
35. Horse v eh ic le s - — — — — - — — - — — — — —
36 . M iscellaneous 144 144 135 134 142 144 130 129 122 110 102 92 77 57
37 . Trucks 684 606 512 490 518 575 613 628 647 592 590 624 682 691
38. F ed era l equipment 1107 1050 998 958 868 837 803 724 622 581 526 470 436 382
39. R .F .C . equipment 2762 2762 2762 2762 2762 2585 2255 980 144 3 — - - -
40. Local equipment 865 837 813 809 814 838 908 998 1082 1114 1099 1117 1114 1135
41 . T o ta l 462812 449325 434683 424505 417458 415930 414848 412033 409064 401409 395912 390567 386587 380941
TABLE A.7. (Cont.)
_______ mm____________________
1. A lte ra tio n s  and ad d itions
2. 1 -  4 fam ily homes, a l te r a t io n s ,  e tc .
3 . M ulti-fam ily
4 . Commercial and In d u s tr ia l
5. Public  u t i l i t y
6 . Petroleum
7 . M etal mining
8. Farm -  r e s id e n tia l
9. -  n o n -re s id en tia l
10. In s t i tu t io n a l
11. Federal -  1. Highways
12. 2. Buildings
13. 3. Conservation
14. 4 . Fixed a sse ts
15. 5. R.F.C. p lan t
16. S ta te  Govt Highways
17. S ta te  Govt Other
18. Local Govt Highways
19. Local Govt Other
20. In d u s tr ia l  machinery
21. E le c tr ic a l  equipment
22. O ffice machinery
23. N onresiden tia l fu rn itu re , e tc .
24. Ships and boats
25. Railway and t r a n s i t
26. Horse veh icles
27. A irc ra f t
28. P ro fess io n a l and s c ie n t i f ic
29. Tools
30. Trucks
31. M iscellaneous
32. Cars
33. T racto rs
34. Machinery
35. Horse veh icles
36. M iscellaneous
37. Trucks
38. Federal equipment
39. R.F.C. equipment
40. Local equipment
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1935 1934 1933 1932 1931 1930 1929 1928 1927 1926 1925 1924 1923 1922
6749 6561 6453 6470 6520 6427 6203 5920 5652 5407 5214 5055 4916 4817
99074 98706 98742 98801 98726 97703 96573 94281 90835 87117 82786 78255 73935 70213
11208 11213 11281 11326 11373 11232 11042 10411 9460 8384 7373 6522 5881 5337
45883 46111 46303 46589 46996 46643 45382 43590 41491 39574 37570 35909 34692 33448
56092 56100 56207 56336 56137 55462 54035 52541 51139 49680 48319 47080 45779 44752
5062 4911 4814 4778 4624 4542 4342 4121 3954 3750 3466 3206 3005 2804
2931 2910 2887 2876 2872 2850 2810 2751 2701 2646 2579 2519 2459 2376
11609 11659 11740 11810 11877 11881 11815 11675 11511 11336 11190 11037 10906 10779
10552 10600 10696 10791 10881 10913 10856 10696 10521 10324 10199 10076 9990 9899
9932 9940 9974 9994 9891 9679 9353 9011 8647 8273 7933 7608 7349 7141
709 612 502 370 230 177 109 63 45 37 29 21 14 12
2013 2011 2022 2007 1936 1896 1907 1918 1927 1944 1966 1991 2015 2037
If 3ti 18 3IM 3116246 3003232 IS 2% 2?g Ml 2648145 2570134 2506134
im § 8 5 m m 42661789 m m m 20841222 m 1428972 ni
10508 10535 10578 10485 10011 9420 8804 8359 7864 7349 6857 6399 5993 5700
21409 21022 20708 20363 19640 18718 17695 16841 15916 14944 14314 13467 12639 12140
27534 27288 27305 27685 27989 27715 27175 26049 25095 24484 23909 23210 22534 21901
7022 6889 6827 6852 6810 6596 6284 5875 5482 5149 4820 4531 4240 3992
777 832 905 990 1068 1126 1127 1058 1044 998 992 1001 1003 965
5713 5590 5519 5509 5505 5393 5197 4909 4650 4412 4228 4046 3860 3758
2339 2438 2523 2635 2738 2782 2770 2772 2792 2771 2736 2736 2710 2695
12817 13636 14326 14889 15293 15756 15824 15809 15899 15872 15649 15441 15133 14652
- — — - — — — — — 13 37 69 102 131
50 59 82 109 123 125 115 82 52 44 36 34 32 24
613 622 640 660 671 655 629 580 573 543 502 472 444 412
254 267 308 364 407 406 416 405 392 386 384 384 386 407
1636 1719 1695 1750 1881 1913 1837 1677 1610 1473 1361 1204 1098 883
1082 1165 1309 1411 1524 1568 1526 1380 1373 1301 1197 1130 1141 1165
1052 1172 1347 1527 1792 1942 I960 1877 1736 1556 1338 1138 968 820
1194 1133 1158 1260 1344 1359 1289 1193 1147 1031 942 847 779 687
3631 3871 4079 4333 4629 4827 4900 4950 5073 5218 5301 5409 5571 5617
- - - - - - - - - 55 110 168 203 237
49 53 66 84 109 128 140 142 160 179 176 291 371 432
705 725 744 767 805 821 809 737 653 579 494 419 346 295
300 240 212 190 170 143 115 93 79 75 81 85 87 90
1167 1171 1168 1123 1034 914 794 701 608 529 506 457 408 402
376665 375542 375942 377036 376275 371135 362206 349810 336910 323684 310316 297410 285688 27532541. T o tal
TABLE A . 7 .  ( C o n t . ) 330
ITEM 1921 1920 1919 1918 1917 1916 1915 1914 1913 1912 1911 1910 1909 1908
1. A lte ra tio n s  and add itions 4721 4654 4602 4535 4484 4378 4201 4047 3897 3689 3524 3375 3257 3185
2 . 1 -  4 fam ily homes, a l te r a t io n s ,  e tc . 67283 65765 64668 63217 62541 61347 59638 58062 56441 54605 52836 51182 49391 47572
3. M ulti-fam ily 4948 4765 4623 4447 4381 4218 3973 3717 3482 3270 3064 2871 2665 2480
4 . Commercial and In d u s tr ia l 32288 31179 29847 28985 28302 27417 26535 25911 25165 24220 23405 22607 21755 20955
5. P ublic  u t i l i t y 44011 43485 42862 42324 41712 40859 39935 39053 37985 36453 35202 34133 32912 31709
6 . Petroleum 2592 2402 2150 1969 1742 1544 1418 1350 1245 1129 1046 983 924 862
7 . Metal mining 2318 2269 2183 2113 1980 1838 1729 1648 1583 1506 1432 1369 1301 1235
8 , Farm -  r e s id e n tia l 10682 10624 10433 10150 9901 9579 9278 9054 8831 8606 8375 8169 7940 7733
9. -  n o n -res id en tia l 9835 9827 9670 9329 9063 8747 8502 8321 8115 7905 7681 7471 7248 7040
10. In s t i tu t io n a l 6938 6799 6730 6596 6473 6308 6134 5998 5826 5580 5381 5211 5033 4843
11. Federal -  1 . Highways 9 7 4 1 - - - - - - - - - -
12. 2 . Buildings 2052 2053 2053 2028 1997 1955 1905 1850 1754 1642 1526 1415 1293 1190
13. 3« Conservation 2452 2398 2353 2319 2284 2243 2184 2064 1945 1849 1758 1673 1602 1508
14. 4 . Fixed a sse ts 139 163 161 78 53 48 41 39 33 25 19 19 19 17
15. 5. R.F.C. p lan t - — — - - - - - - - - - - -
16. S ta te  Govt Highways 669 502 410 349 322 298 264 204 141 101 73 55 38 25
17. S ta te  Govt Other 684 633 612 581 537 477 395 298 217 156 116 88 64 46
18. Local Govt Highways 5261 4805 4513 4241 4036 3743 3420 3114 2902 2721 2527 2319 2140 1978
19. Local Govt Other 11746 11692 11688 11679 11530 11371 11194 10738 10187 9665 9146 8598 8104 7621
20. In d u s tr ia l  machinery 21444 21169 20376 19574 18407 17135 16404 16031 15516 14851 14314 13883 13247 12742
21. E le c tr ic a l  equipment 3809 3639 3427 3237 3045 2853 2631 2482 2335 2153 1969 1827 1656 1524
22. O ffice machinery 943 958 902 868 812 728 649 632 621 574 526 504 462 426
23 . Nonresid e n ti a l  fu rn itu re , e tc . 3720 3719 3721 3718 3697 3649 3644 3651 3609 3581 3542 3490 3403 3304
24. Ships and boats 2659 2597 2553 2515 2470 2386 2274 2198 2169 2141 2120 2102 2074 2041
25. Railway and t r a n s i t 14450 14392 14219 14009 13387 12699 12277 12157 11774 10878 10318 10135 9794 9630
26. Horse veh icles 159 185 210 225 233 229 224 230 237 243 247 249 248 251
27. A irc ra f t 17 12 6 — — — — — — — — — — —
28. P ro fess io n a l and s c ie n t i f ic 382 358 324 299 240 210 194 173 152 142 134 126 117 106
29. Tools 414 415 390 359 307 275 237 228 223 204 205 206 196 186
30. Trucks 733 657 499 363 204 131 91 68 57 39 21 12 8 6
31. M iscellaneous 1195 1261 1247 1266 1150 1098 1041 1060 1053 1099 1093 1056 1001 929
32. Cars 748 690 592 503 440 323 218 160 118 84 57 42 28 18
33* T ractors 606 549 377 238 129 82 59 41 27 20 10 5 1 -
34. Machinery 5786 5979 5842 5747 5712 5731 5662 5442 5405 5211 4939 4670 4454 4223
35. Horse veh ic les 277 323 378 380 380 373 388 418 435 443 439 429 421 425
36 . M iscellaneous 501 565 495 511 525 529 556 598 606 621 622 614 597 570
37. Trucks 243 197 142 113 92 66 44 27 17 11 6 3 1 —
38. Federal equipment 88 82 75 74 75 76 77 74 63 54 47 38 36 34
39. R.F.C. equipment — — — - — — — — — — — — — -
40. Local equipment 411 457 517 564 592 614 627 624 595 571 545 514 485 462
41. T otal 267213 262228 255854 249504 243235 235537 228043 221762214761 206042 198265 191443 183915 176876
TABLE A .7 .  ( C o n t .)
ITEM 1907 1906 1905
1 . A lte ra tio n s  and a d d itio n s 3081 2946 2843
2 . 1 -  4 fam ily  homes, a l t e r a t io n s ,  e t c . 46100 44501 42875
3 . M u lti-fam ily 2346 2200 2053
4 . Commercial and In d u s tr ia l 20196 19135 18220
5 . P u b lic  u t i l i t y 30585 29048 27693
6 . Petroleum 797 736 690
7 . M etal mining 1182 1104 1032
8 . Farm -  r e s id e n t ia l 7536 7357 7167
9 . -  n o n - re s id e n t ia l 6864 6720 6570
10. I n s t i t u t io n a l 4665 4418 4202
11. F ed era l -  1 . Highways - — —
12. 2 . B uild ings 1083 990 914
13o 3 . C onservation 1412 1335 1260
14. 4 . F ixed a s s e ts 15 9 2
15. 5 . R .F.C . p la n t — — —
16. S ta te  Govt Highways 17 14 13
17. S ta te  Govt O ther 35 29 27
18. Local Govt Highways 1802 1635 1506
19. Local Govt O ther 7068 6636 6258
20. I n d u s tr ia l  m achinery 12350 11628 10859
21 . E le c t r i c a l  equipment 1414 1255 1100
22 . O ffice  machinery 407 355 302
23. N o n res id en tia l f u r n i tu re ,  e t c . 3237 3135 2996
24. Ships and boats 2016 1925 1848
25 . Railw ay and t r a n s i t 9386 8537 7794
26. Horse v e h ic le s 247 237 225
27 . A ir c r a f t — — —
28. P ro fe s s io n a l and s c i e n t i f i c 98 88 80
29. Tools 188 174 161
30. Trucks
31 . M iscellaneous 85^
4
787 741
32. Cars 13 10 7
33. T rac to rs _
34. Machinery
35. Horse v e h ic le s
4075 3902 3717
422 409 391
36 . M iscellaneous b536 508 482
37 . Trucks —
38 . F ed era l equipment 32 30 28
39 . R .F.C . equipment —
40. Local equipment 420 390 366
41. T o ta l 170486 162187 154425
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1904 1903 1902 1901 1900 1899 1898 1897 1896
2808 2751 2602 2456 2380 2312 2287 2243 2193
41429 40297 39199 38304 37552 37046 36374 35762 35094
1901 1780 1662 1576 1503 1465 1421 1379 1333
17533 16897 16149 15153 14289 13423 12809 12170 11444
26662 25711 24622 23192 21938 20700 19763 18830 17349
648 598 552 519 491 460 431 414 406
968 917 855 798 748 700 655 624 594
6978 6781 6598 6398 6203 6022 5851 5680 5518
6417 6256 6100 5925 5758 5602 5457 5309 5175
4040 3888 3716 3486 3288 3093 2963 2828 2675
855 817 784 758 740 719 701 699 676
1193 1131 1080 1041 987 937 893 832 789
lo ~5 ”3 ” 2 :
— : — —
22 14 9 6 3 — — — —
1357 1194 1062 963 896 830 765 696 631
5873 5487 5089 4786 4425 4115 3816 3526 3238
10271 9862 9219 8712 8274 7803 7457 7215 6961
992 894 766 661 574 488 417 372 337
270 264 242 215 198 181 172 166 145
2877 2777 2673 2566 2469 2385 2306 2239 2045
1769 1 696 1595 1492 1377 1289 1224 1156 1120
7278 6889 6408 6024 5711 5389 5125 4943 4718
215 209 204 198 195 200 204 206 205
73 70 64 59 55 51 49 49 46
1512 141 127 113
106 101 95 96 101
698 664 619 6Ö6 591 573 560 570 567
5 3 2 1 - - -
3618 3505 3425 3240 3152 3096 3004 2901 2874
374 357 345 336 322 318 309 311 310
463 443 422 401 393 382 367 360 360
26 24 24 24 24 24 24 24 24
342 318 288 270 246 224 204 185 161
148118 142641 136545 130281 124888 119928 115703 111785 107089
3 3 2
The final table, A.7, shows the annual estimates of 
the gross capital stock between 1896 and 19*+9« These 
estimates have been compiled from the data, on a constant 
price basis, of gross investment and replacement; the 
replacement series is no more than estimates of the gross 
investment in the years before 1897« The important item 
in this compilation is the estimated life for each 
category of assets because, by nature of the assumptions 
underlying this work, the estimate of gross investment 
is fully deducted at the end of this assumed life of 
each asset. To overcome the problems of having an 
initial estimate of the capital stock to start from 
this compilation was carried through in reverse. For 
example, the estimate of the gross capital stock at the 
end of 19^9 was built up by taking the assumed life of 
each asset, counting back the relevant number of years 
from 19^9) and then adding together all investment 
expenditures recorded in this period. The 19^8 figure 
was derived by discarding all these expenditures during 
19^9 and adding on those investment expenditures made 
one year earlier than the earliest figure incorporated 
in the preceding calculation. In this way the problem 
of getting an initial estimate of the gro'j capital 
stock is circumvented.
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As the estimated life of the individual asset is so
important in the building of the gross capital stock, some
additional notes on this item may be helpful. In the
series on the United States which has been used throughout
this study, Goldsmith*s estimates of the life of assets
have been used in all cases. These are, in turn, based
largely upon the assessed life of assets laid down by the
U.S. Bureau of Internal Revenue. Although international
comparisons are dangerous, owing to widely different
conditions affecting the demand and supply of factors
of production, some useful information may be gleaned
from a comparison of the estimated lengths of lives of
uassets in the United States and the United Kingdom. Inn
Table A .8 the data used in our work is compared with some 
recent estimates for the United Kingdom prepared by 
Redferni1^
A feature of the United Kingdom figures is the
much better break-up for industrial equipment; we have
only one estimate for this group. One advantage of having
a large sector of the economy run by nationalised
industries is the greater availability of information on
their operations. If we exclude the buildings sector, it
can be seen that there is a fairly close correspondence
(1) P.Redfern - "Net Investment in Fixed Assets in the 
United Kingdom*1, Journal of the Roval Statistical Society. 
Series A (General)$ Part II, 195?5 PP 101-1Ö2.
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between the estimates for the two countries. Although the 
divergence between the estimates for the global category 
’Industrial machinery and equipment* is substantial, 
this would seem to be no more than a reflection of the 
differences in real wages between the two countries. On 
the other hand the U.S. estimates for furniture and 
shipping may be too long.
The comparison between the estimated lives of
various buildings points to one of the major handicaps
in this work. The estimate of sixty years for residential
building in the United States is based upon the allowance
permitted by the U.S. Bureau of Internal Revenue; in
short, as we have noted already, all residential
buildings are depreciated as if they were owned by
business enterprises. Although the evidence is flimsy
there is something to show that residential buildings in
the United States may have as long a life as those in
(2 )the United Kingdom. In a recently published book which
was not available at the time when the main estimates of
gross investment, replacement, and depreciation were
being prepared the question of the life of residential
buildings was considered. Although much the same ground
is covered, the general conclusion is that, for linear
depreciation, a rate of 1.4 per cent would be appropriate;
(2) R.W.Goldsmith - A Study of Saving in the Ujiited 
States. Volume II; PP 3o3-365.
Table A «8 - Estimated Lives of Assets; United States
and United Kingdom-
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United States(Goldsmith) United Kingdom(Redfern)
Type of Asset
Asset Asset
life
Type of Asset
1.Residential Buildings 60 100 All dwelling houses
2.Non-residential Buildings
a. Commercial 40
b. Industrial 40
c. Public Utilities 50
3.Government
a. Highways
b. Buildings 2550
c. Conservation, navi­
gation, etc. 80
4 .Industrial Equipment 
a. Industrial equipment 
and machinery 20
b. Nonresidential 
Furniture
75 Commercial Buildings 
50 Industrial Buildings 
20 Air Transport Coys.
45 Aerodrome Buildings 
60 Postal and Telegraph 
Buildings50 Road Transport Buildings 
100 Railways Buildings 
bO Electricity Supply 
Buildings 
50 Gas Supply
75 Roads75 Special types of
government and local 
authority buildings, 
e.g. prisons, police, 
schools.
75 Harbours, Docks, and 
Canals•
Electricity and Road 
Transport
All plant and machinery = 100J6 
15$(The weighted 39$ average for 40% 
this group is 2% 
about 28 per cent) 
b%
453022
17
14
10 Electricity Supply
Table A .8 -  (co n tin u ed )
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c. E le c t r i c a l
Equipment 30 46 Trunk L ines
36 Cables20 Exchanges
d . Ships and Boats 30 20 Tankers
25 Other Ships
e* Railway and T ra n s it
Equipment 28 30 R o llin g  Stock
8
25 Railway P la n t
f . O ffice  M achinery 7 Gas In d u s try
7 E l e c t r i c i t y  Supply
g . New P assenger Cars 6 10 M anufacturing
h* Trucks 6 10 Road T ra n sp o rt, 
M anufactu ring , e tc«
i . A ir c r a f t 5 up to
14 A ir T ran sp o rt Coys#
Note; In some o f th e  c a te g o r ie s  s e t  out by R edfern  th e  
assumed l i f e  o f th e  a s s e ts  i s  based upon one o r 
two in d u s t r ie s  o n ly . For exam ple, whereas Goldsm ith 
has th e  ca teg o ry  * O ffice  Machinery* th e se  a re  
compared w ith  th e  re le v a n t  f ig u re s  fo r  the  
Gas and E l e c t r i c i t y  Supply in d u s t r ie s  in  the  
U nited Kingdom*
Cl)t h i s  su g g ests  a l i f e  o f about 70 y ea rs
In  so f a r  as the  le n g th  of l i f e  of r e s id e n t i a l  r e a l  
e s ta te  as w e ll as o th e r  b u ild in g s  a re  u n d e r-e s tim a ted  
th i s  w il l  le a d  to  an a c c e le r a t io n  of d e p re c ia t io n  and the  
a c c e n tu a tio n  o f the  d if fe re n c e  between replacem ent and 
d e p rec ia tio n *  However, t h i s  would no t emerge in  the 
e s tim a te s  o f th e  g ross c a p i t a l  s to c k  shown in  th i s  work 
as the assumed l iv e s  are  th o se  p o ss ib ly  u n d e r-e s tim a tin g  
th e  a c tu a l  l iv e s *  N ev e rth e le ss  the  im p lic a tio n s  of a
Cl) L .G re b le r , D.M.Blank. and L.W innick -  C a p ita l Form ation 
in  R e s id e n tia l  R eal E s t a t e ; Appendix E , pp 377-3oo♦ The 
comments on th e  d i s t r i b u t io n  o f d e p re c ia t io n  over th e  l i f e  
o f  r e s id e n t i a l  r e a l  e s t a t e  made in  the  appendix m entioned 
above can be q u e s tio n e d . I t  r e s t s  upon a v a lu a tio n  r a th e r  
th an  the  m arket p r ic e  o f th e  a s s e t ;  see Table E - l ,  c o l *3 
o f Appendix E (p 379)*
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significant under-estimate of the life of buildings 
in this study should be recognised* If we are thinking of 
the difference between these aggregates as an important 
source of new saving then these views would need modification 
as it seems more approriate to leave the residential 
building group out of such a calculation* One reason 
being the fact that private home owners do not depreciate 
their assets in any regular way*
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